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Dear Sir: 



mailing paper or fee) 



^ifiirjJaWre of parson mailing paper or fee) 

Prior to the Examiner acting in the above-referenced application, please 
preliminary amend the specification and claims as follows: 

IN THE SPECIFICATION: 

A substitute specification is submitted along with a marked-up copy thereof as 
attached hereto. 

IN THE CLAIMS 

Please replace claims 1-37 with the following rewritten versions: 

1 . (Amended) Method of measuring strength of a bone healed after a fracture or 
an osteotomy whereby external fastening means are attached onto the bone in at least two 
locations, whereby said external fastening means are provided with means for detection 
and/or measurement of relative displacement between said at least two external fastening 
means, whereby the bone is subjected to strain, and whereby corresponding 



measurements and/or detections are made of the relative displacement by contactless 
measurement and/or detection means, 

2. (Amended) Method according to claim 1, wherein the measurement and/or 
detection of the relative displacement comprises measurement and/or detection of a 
relative longitudinal displacement, a relative rotational displacement and/or a relative 
angular displacement. 

3 . (Amended) Method according to claim 1 , wherein the external fastening means 
are part of external fixing means for supporting the bone. 

4. (Amended) Method according to claim 1, wherein the bone is subjected to 
strain and wherein the strain is measured, detected and/or visualized. 

5. (Amended) Method according to claim 1, wherein the corresponding 
measurements and/or detections of the relative displacement and the strain on the bone 
are correlated and/or recorded. 

6. (Amended) Method of measuring the strength of a bone healed after a fracture 
or an osteotomy, whereby external fastening means are attached onto the bone in at least 
two locations, whereby said external fastening means are provided with means for 
detection and/or measurement of relative displacement between said at least two external 
fastening means, whereby the bone is subjected to strain, and whereby corresponding 
measurements and/or detections are made of the relative displacement in at least two 
dimensions and of the strain on the bone. 

7. ) (Amended) Method according to claim 6, wherein the measurement and/or 
detection of the relative displacement comprise measurement and/or detection of a 
relative longitudinal displacement, a relative rotational displacement and/or a relative 
angular displacement. 



8. (Amended) Method according to claim 6,wherein the external fastening means 
are part of external fixing means for supporting the bone. 

9. (Amended) Method according to claim 6, wherein the bone is subject to strain 
by the patient and wherein the strain is measured, detected and/or visualized. 

10. (Amended) Method according to claim 6, wherein the corresponding 
measurements and/or detections of the relative displacement and of the strain on the bone 
are correlated and/or recorded. 

11. (Amended) Apparatus for measuring the strength of a bone having a healed 
osteotomy or a healed bone fracture, said apparatus comprising external fastening means 
for connection to the bone in at least two locations, said external fastening means being 
provided with means for detection and/or measurement of relative displacement by 
contactless measurement and/or detection means between said at least two external 
fastening means. 

12. (Amended) Apparatus according to claim 1 1 , wherein the apparatus is 
provided with means for measurement and/or detection of induced strain on the bone. 

13. (Amended) Apparatus according to claim 11, wherein the apparatus is 
provided with means for correlating said measurements and/or detections of relative 
displacement of strain. 

14. (Amended) Apparatus according to claim 1 1, wherein the means for 
contactless measurement and/or detection of relative displacement between said at least 
two external fastening means facilitate measurement and/or detection of a relative 
longitudinal displacement, a relative rotational displacement and/or a relative angular 
displacement. 



15. (Amended) Apparatus according to claim 1 1, wherein the external fastening 
means are part of external fixing means for supporting the bone. 

1 6. (Amended) Apparatus according to claim 1 1 , wherein the apparatus is 
provided with means for supporting one or both ends of a limb, for positioning one end of 
a limb and/or for transferring forces to/from the limb to/from measuring means. 

17. (Amended) Apparatus according to claim 1 1, wherein the apparatus comprises 
means for indicating, visualizing and/or recording the measured and/or detected strain. 

18. (Amended) Apparatus according to claim 1 1 , wherein the apparatus comprises 
means for indicating, visualizing and/or recording the measured and/or detected relative 
displacement. 

19. (Amended) Apparatus for measuring the strength of a bone having a healed 
osteotomy or a healed bone fracture, said apparatus comprising external fastening means 
for connection to the bone in at least two locations, said external fastening means being 
provided with means for detection and/or measurement of relative displacement in at 
least two dimensions between said at least two external fastening means, said apparatus 
being provided with means for measurement and/or detection of induced strain on the 
bone. 

20. (Amended) Apparatus according to claim 19, wherein the apparatus is 
provided with means for correlating said measurements and/or detections of relative 
displacement and strain. 

2 1 . (Amended) Apparatus according to claim 1 9, wherein the means for detection 
and/or measurement of relative displacement in at least two dimensions between said at 
least two external fastening means facilitate measurement and/or detection of a relative 
longitudinal displacement, a relative rotational displacement and/or a relative angular 
displacement. 



22. (Amended) Apparatus according to claim 19, wherein the external fastening 
means are part of external fixing means for supporting the bone, 

23. (Amended) Apparatus according to claim 19, wherein the apparatus is 
provided with means for supporting one or both ends of a limb, for positioning one end of 
a limb and/or for transferring forces to/from the limb to/from measuring means. 

24. (Amended) Apparatus according to claim 19, wherein the apparatus comprises 
means for indicating, visualizing and/or recording the measured and/or detected strain. 

25. (Amended) Apparatus according to claim 19-24, wherein the apparatus 
comprises means for indicating, visualizing and/or recording the measured and/or 
detected relative displacement. 

26. (Amended) External fixator for supporting a bone of an animal or a human 
being, said fixator comprising means for fastening onto the bone in at least two locations 
and connecting means for providing a adjustable connection between said fastening 
means, wherein said connection means are replaceable and wherein measurement and/or 
detection means for detection and/or measurement of relative displacement between said 
at least two external fastening means are attachable onto said at least two external 
fastening means. 

27. (Amended) External fixator according to claim 26, wherein said measurement 
and/or detection means for detection and/or measurement of relative displacement 
between said at least two external fastening means are contactless. 

28. (Amended) External fixator according to claim 26, wherein said measurement 
and/or detection means for detection and/or measurement of relative displacement 
between said at least two external fastening means are configured for detection and/or 
measurement of relative displacement in at least two dimensions. 



29. (Amended) External fixator according to claim 26, wherein said at least two 
external fastening means may each comprise or be connected to a structural member 
which surrounds the body part containing the bone at least partly, and in that said 
preferably adjustable connection between said fastening means maybe connected to said 
structural members. 

30. (Amended) External fixator according to claim 29, wherein said structural 
members comprise separate and/or relatively movable parts which are joinable and/or 
adjustable in order to surround a limb at least partly. 

3 1 . (Amended) External fixator according to claim 26, wherein the connection 
means comprise one, two, three, four or more connecting rods, which is adjustably placed 
between said at least two fastening means. 

32. (Amended) External fixator according to claim 26, wherein the measurement 
and/or detection means for detection and/or measurement of relative displacement 
between said at least two external fastening means are attachable to said structural 
members forming part of or being connected to said at least two external fastening means. 

33 . (Amended) External fixator according to claim 26, wherein the measurement 
and/or detection means for detection and/or measurement of relative displacement are 
connected to the at least two external fastening means and/or said corresponding 
structural members by means which also serve as fixing means for said adjustable 
connection between said fastening means. 

34. (Amended) External fixator according to claim 26, wherein the measurement 
and/or detection means for detection and/or measurement of relative displacement 
comprise electrical, magnetic or electromagnetic measurement and/or detection means. 



35. (Amended) External fixator according to claim 34, wherein the measurement 
and/or detection means for detection and/or measurement of relative displacement 
comprises optical measurement and/or detection means. 

36. (Amended) External fixator according to claim 26, wherein the contactless 
measurement and/or detection means for detection and/or measurement of relative 
displacement comprise one or more measurement and/or detection means. 

37. (Amended) External fixator according to claim 36, wherein the measurement 
and/or detection means for detection and/or measurement of relative displacement in at 
least two dimensions comprise two or more measurement and/or detection means placed 
at a circumferential distance in relation to an axis of the bone. 

IN THE ABSTRACT : 

Please replace the abstract with the following rewritten version: 

-ABSTRACT 

Method and apparatus for measuring the strength of a bone, in particular a bone healed 
after a fracture or an osteotomy, whereby external fastening means are attached onto the 
bone in at least two locations. The external fastening means are provided with means for 
detection and/or measurement of relative displacement between the at least two external 
fastening means, the bone is subjected to strain, and corresponding measurements and/or 
detections are made of the relative displacement by contactless and/or two-dimensional 
measurement and/or detection means. Hereby, measurements are made which will 
provide a more accurate assessment of the strength and/or stiffness of a bone. The 
invention also relates to an external fixator facilitating a method and an apparatus 
according to the invention.— 



REMARKS 



Applicant requests entry of the above-identified amendments which conform the 
claims to U.S. practice. Further, a substitute specification is submitted along with a 
marked-up copy thereof pursuant to 37 CFR 1 .125(b). Applicant requests that the 
substitute specification be entered in the present application and used for examination. 
No new matter is introduced by this Amendment or in the substitute specification as 
antecedent support is set forth in the original specification and claims. 

Prosecution on the merits is respectfully requested. 

If there are any charges with respect to this Amendment or otherwise, please 
charge them to Deposit Account No. 06-1 130 maintained by Applicant's attorneys. 



Respectfully submitted, 



KRISTIAN BUNDGARD 



CANTOR COLBURN LLP 



Applicant's Attorneys 



By: 




Daniel F. Drexler 
Registration No. 47,535 
Customer No. 23413 



Date: V-T^-O^ 
Telephone: 860-286-2929 
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Version with Markings to Show Changes Made 



IN THE CLAIMS: 

1. (Amended/Marked up) M ethod of measuring the strength of a bone , in particular a 
bene heafeged after a fracture or an osteotomy whereby external fastening means are 
attached onto the bone in at least two locations, whereby said external fastening means 
are provided with means for detection and/or measurement of relative displacement 
between said at least two external fastening means, whereby the bone is subjected to 
strain, and whereby corresponding measurements and/or detections are made of the 
relative displacement by contactless measurement and/or detection means. 

2. (Amended/Marked up) M ethod according to claim 1, characterized in that 
wherein the m easurement and/or detection of the relative displacement comprises 
measurement and/or detection of a relative longitudinal displacement, a relative rotational 
displacement and/or a relative angular displacement. 

3. (Amended/Marked up) M ethod according to claim 1 or 2, charact e rized in 
that w herein t he external fastening means are part of external fixing means for 
supporting the bone. 

4. (Amended/Marked up) Method according to claim 1, 2 or 3, charact e rized in 
that wherein the bone is subjected to strain , preferably by the patient, and in 
tha fcwherein the strain is measured, detected and/or visualized. 

5 ; (Amended/Marked up) M ethod according to one or more of claims 1^ 4? 

characterized — i-a — that w herein the corresponding measurements and/or 
detections of the relative displacement and the strain on the bone are correlated and/or 
recorded. 



6. . (Amended/Marked up) M ethod of measuring the strength of a bone , in particular a 
bene healmged after a fracture or an osteotomy, whereby external fastening means are 
attached onto the bone in at least two locations, whereby said external fastening means 
are provided with means for detection and/or measurement of relative displacement 
between said at least two external fastening means, whereby the bone is subjected to 
strain, and whereby corresponding measurements and/or detections are made of the 
relative displacement in at least two dimensions and of the strain on the bone. 

7. (Amended/Marked up) Method according to claim 6, characterized in that 
wherein the m easurement and/or detection of the relative displacement may-comprise 
measurement and/or detection of a relative longitudinal displacement, a relative rotational 
displacement and/or a relative angular displacement. 

8. (Amended/Marked up) M ethod according to claim 6^ or 7, characterized in 
that w herein the external fastening means are part of external fixing means for 
supporting the bone. 

9. (Amended/Marked up) M ethod according to claim 6, 7 or 8, characterized in 
y^a4 -wherein the bone is subject to strain by the patient and m-to twherein the strain is 
measured, detected and/or visualized. 

10. (Amended/Marked up) M ethod according to one or more of claims 6 9, 

characterized — na — that — wherein t he corresponding measurements and/or 
detections of the relative displacement and of the strain on the bone are correlated and/or 
recorded. 

1 1 . (Amended/Marked up) Apparatus for measuring the strength of a bone , in particular a 




bone having a healiaged osteotomy or a healinged bone fracture, said apparatus 
comprising external fastening means for connection to the bone in at least two locations, 
said external fastening means being provided with means for detection and/or 




measurement of relative displacement by contactless measurement and/or detection 
means between said at least two external fastening means. 



12. (Amended/Marked up) A pparatus according to claim 11, characterized in 
^-ar4 -wherein the apparatus is provided with means for measurement and/or detection of 
induced strain on the bone. 

13. (Amended/Marked up) A pparatus according to claim 11 or 12 , characterized 
i-B — that — wherein t he apparatus is provided with means for correlating said 
measurements and/or detections of relative displacement of strain. 

14. (Amended/Marked up) Apparatus according to one or more of claims 1 1 — 15, 
characterized in that w herein the means for contactless measurement and/or 
detection of relative displacement between said at least two external fastening means 
facilitate measurement and/or detection of a relative longitudinal displacement, a relative 
rotational displacement and/or a relative angular displacement. 

15. (Amended/Marked up) Apparatus according to one or more of claims 11 14, 

characterized — — that w herein the external fastening means are part of 
external fixing means for supporting the bone. 

16. (Amended/Marked up) Apparatus according to one or more of claims 11 tS, 

characterized in that wherein the apparatus is provided with means for 
supporting one or both ends of a limb, for positioning one end of a limb and/or for 
transferring forces to/from the limb to/from measuring means. 

17. (Amended/Marked up) A pparatus according to one or more of claims 11 — 16, 
characteriz e d in t h at w herein t he apparatus comprises means for indicating, 
visualizing and/or recording the measured and/or detected strain. 
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18. (Amended/Marked up) A pparatus according to one or more of c laims 11 3^7, 

characterized in that w herein t he apparatus comprises means for indicating, 



19. (Amended/Marked up) A pparatus for measuring the strength of a bone , in particular a 

bene having a healinged osteotomy or a healinged bone fracture, said apparatus 
comprising external fastening means for connection to the bone in at least two locations, 
said external fastening means being provided with means for detection and/or 
measurement of relative displacement in at least two dimensions between said at least 
two external fastening means, said apparatus being provided with means for measurement 
and/or detection of induced strain on the bone. 

20. (Amended/Marked up) Apparatus according to claim 19, characterized in 
that w herein the apparatus is provided with means for correlating said measurements 
and/or detections of relative displacement and strain. 

21. (Amended/Marked up) A pparatus according to claim 19 or 20 , characterized 
in that w herein t he means for detection and/or measurement of relative displacement 
in at least two dimensions between said at least two external fastening means facilitate 
measurement and/or detection of a relative longitudinal displacement, a relative rotational 
displacement and/or a relative angular displacement. 

22. (Amended/Marked up) A pparatus according to claim 19, 20 — or — 2h 
characterized — i~n — t-feha4 — wherein the external fastening means are part of 
external fixing means for supporting the bone. 

23. (Amended/Marked up) Apparatus according to one or more of claims 19 — 22, 
characterized — i-n — that w herein t he apparatus is provided with means for 
supporting one or both ends of a limb, for positioning one end of a limb and/or for 
transferring forces to/from the limb to/from measuring means. 



visualizing and/or recording the measured and/or detected relative displacement. 
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24. (Amended/Marked up) A pparatus according to one or more of c laims 19 — 23-, 
characterized in that w herein the apparatus comprises means for indicating, 
visualizing and/or recording the measured and/or detected strain. 

25. (Amended/Marked up) Apparatus according to one or more of claims 19-24, 
characterized in that w herein the apparatus comprises means for indicating, 
visualizing and/or recording the measured and/or detected relative displacement. 

26. (Amended/Marked up) External fixator for supporting a bone , e.g. a bone in a limb of 
an animal or a human being, said fixator comprising means for fastening onto the bone in 
at least two locations and connecting means for providing a preferably adjustable 
connection between said fastening means, wherein said connection means are replaceable 
and wherein measurement and/or detection means for detection and/or measurement of 
relative displacement between said at least two external fastening means are attachable 
onto said at least two external fastening means. 

27. (Amended/Marked up) External fixator according to claim 26, characterized 
in that w herein said measurement and/or detection means for detection and/or 
measurement of relative displacement between said at least two external fastening means 
are contactless. 

28. (Amended/Marked up) External fixator according to claim 26 or 27, 
characterized in that wherein said measurement and/or detection means for 
detection and/or measurement of relative displacement between said at least two external 
fastening means are configured for detection and/or measurement of relative 
displacement in at least two dimensions. 

29 - (Amended/ Marked up) External fixator according to one or more of claims 26—^8, 
characterized in t h a t w herein said at least two external fastening means may 
each comprise or be connected to a structural member which surrounds the body part 
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containing the bone at least partly, and in that said preferably adjustable connection 
between said fastening means may be connected to said structural members. 



30. (Amended/Marked up) External fixator according to claim 29, charact e rized 
in that w herein said structural members may-comprise separate and/or relatively 
movable parts which may be are joinedable and/or adjuste dable in order to surround a 
limb at least partly. 

31. (Amended/Marked up) External fixator according to one or more of claims 26 — 30, 
characterized in that w herein t he connection means comprise one, two, three, 
four or more connecting rods, which may preferably bei s adjustably placed between said 
at least two fastening means. 

32. (Amended/Marked up) External fixator according to one or more of claims 26 — 
characterized in that wherein the measurement and/or detection means for 
detection and/or measurement of relative displacement between said at least two external 
fastening means are attachable to said structural members forming part of or being 
connected to said at least two external fastening means. 

33. (Amended/Marked up) External fixator according to one or more of claims 26 — 33, 
characterized in that wherein the measurement and/or detection means for 
detection and/or measurement of relative displacement may be are connected to the at 
least two external fastening means and/or said corresponding structural members by 
means which also serve as fixing means for said preferably a djustable connection 
between said fastening means. 

34 (Amended/Marked up) External fixator according to one or more of claims 26 — 33, 
characterized in that w herein the measurement and/or detection means for 
detection and/or measurement of relative displacement ma^comprise electrical, magnetic 
or electromagnetic measurement and/or detection means. 
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35. (Amended/Marked up) External fixator according to claim 34, characterized 
i-n — that w herein the measurement and/or detection means for detection and/or 
measurement of relative displacement comprises optical measurement and/or detection 
means. 

36. (Amended/Marked up) E xternal fixator according to one or more of claims 26 — 
characterized in that wherein the contactless measurement and/or detection 
means for detection and/or measurement of relative displacement comprise one or more 
measurement and/or detection means. 

37. (Amended/Marked up) External fixator according to claim 36, characterized 

63 i-n — that w herein the measurement and/or detection means for detection and/or 

# ■ 

jfj measurement of relative displacement in at least two dimensions comprise two or more 

'•jSj measurement and/or detection means placed at a circumferential distance^-ergr in relation 

» to an axis of the bone. 
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Abstract: ABSTRACT 



Method and apparatus for measuring the strength of a bone, in particular a bone 
healmged after a fracture or an osteotomy, whereby external fastening means are attached 
onto the bone in at least two locations. The external fastening means are provided with 
means for detection and/or measurement of relative displacement between saidthe at least 
two external fastening means, the bone is subjected to strain, and corresponding 
measurements and/or detections are made of the relative displacement by contactless 
and/or two-dimensional measurement and/or detection means. 

p Hereby, measurements are made which will provide a more accurate assessment of the 

m ' 

p.- strength and/or stiffness of a bone. The invention also relates to an external fixator 

■ W facilitating a method and an apparatus according to the invention. 

;i (Kgr4) 
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substitute specification (marked-up version) 

Method of Measuring Bone Strength, Apparatus For Measuring Bone 
Strength and Fixation Device 

BACKGROUND OF THE INVENTION 

Field of the invention 

The invention relates to a method of measuring the strength or stiffness of a bone, an 
apparatus for measuring the strength or stiffness of a bone and an external fixator for 
supporting a bone. 

Background of the invention Description of Related Art 

When a bone, for example a bone in a limb of an animal or a human being, is healing 
after a fracture, it is known to support such a bone with an external holding device 
called a fixation device or a fixator. Such a fixator serves to fixate the ends of the 
bone in relation to each other as well as to carry the load or part of the load which a 
patient may have to place on the bone during the healing process. 

Further, it is known to use such a fixator when extending the length of a bone. This is 
done by performing an osteotomy, i.e. by performing a substantially transversal cut 
in the bone, by preferably gradually pulling the ends of the bone apart at a predeter- 
mined and limited distance and by fixating the ends of the bone adjacently to each 
other. Hereby, the space between the ends of the bone will gradually be filled with 
new bone material, after which the ends of the bone may be pulled apart once again 
in order to increase the length of the bone even further. Eventually, when the bone 
has reached the required length and developed the necessary strength and stiffness, 
the external fixating device, the fixator, which may be unilateral, semicircular or cir- 
cular, may be removed. 



In order to determine the right time for removal of the fixator during a healing proc- 
ess and/or during a revalidation process, it is known to evaluate the consolidation of 
the fracture or the osteotomy by using radiography, e.g. x-ray-technology, DEXA 
(dual or double energy x-ray absorption), CT-scanning, or other similar methods 
5 such as ultrasound, other scanning methods etc. However, these methods rely on the 
assessment skills and experience of the person or persons, e.g. the physician or the 
surgeon, using the method. Thus, an accurate and objective determination can not be 
made by using this method. Further, it is known to perform a purely physical exami- 
^ nation in order to determine the strength or stiffness of a healing bone, e.g. by having 

If 10 the physician grab the limb and physically try to flex, bend and/or twist the limb in 

order to assess the state of healing. Of course, this is based solely on the assessment 



^ skills and experience of the person or persons, e.g. the physician, carrying out the 



; |5 examination. 



0 
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|3 15 In this context, it is understood that the terms stiffness and strength of a bone will 

refer to the same physical parameter of a bone, e.g. the resistance to deformation 
once a force or load is placed on the bone. 



Further, it is known to detect or measure the deformation of a part using a fixator, 
20 when a load is placed on the assembly of the bone and the fixator. 



An example of this is described in US 5,792,076, which relates to a fixation device 
having an elongated optical fiber. The fixation device is affixed to a patient's bone 
by pins attached to a fixation bar. The fixation bar comprises the elongated optical 

25 fiber and light is transmitted through the optical fiber to an exit point where the in- 
tensity is measured. As the bone fracture is gradually healing, the load, e.g. the 
weight or part of the weight of the patient, will gradually be transferred from the 
fixation bar to the bone of the patient, giving rise to a change in the intensity of the 
transmitted light. Thus, a physician will be able to assess when the fracture has fully 

30 healed by observing the change in the light intensity. 



This method, however, suffers from the disadvantage that the fixation bar is an inte- 
gral part of the system of which the strength is evaluated. Thus, the result of the as- 
sessments will not necessarily provide a true picture of the strength of the bone. Fur- 
ther, the assessment is given of a deformation of the fixation bar which is mounted 
unilaterally. Thus, the deformation of the bone in other dimensions will not be evalu- 
ated by this method. Further, in many cases, a fractured bone will have one or more 
neighboring bones, for example in a lower arm or in a lower leg, which means that 
when a limb is subjected to a certain load or a strain, this load or strain will be dissi- 
pated on the bones in the limb and possibly also on any fixation devices used. Thus, 
the load, force or strain placed on the fractured bone will be difficult to determine on 
the basis of the load placed on the limb, and the deformation of the bone and the limb 
will depend on the assembly as a whole. Thus, for example, a load on a limb in an 
axial direction may of course result in an axial deformation of the fracture bone, but 
it may also result in an angular deformation, e.g. a twisting motion, and a bending 
deformation. 

It is also known to use means for measuring or detecting the strain and/or deforma- 
tion of the bone, wherein saidthe means is attached to the bone or the limb. 

An example of such a method is described in EP 0 324 279 Al, wherein the bending 
of e.g. a lower leg having a healing fracture is measured by means of a goniometer. 
Bone pins are placed on each side of the fracture site, and a goniometer is attached to 
these pins and positioned substantially parallelly with the axis of the bone. The de- 
formation, i.e. the bending of the bone, is measured while simultaneously applying 
force to the bone of the patient This force, which may be constituted by the weight 
of the limb, e.g. the lower leg, may be measured by a scale placed under one end of 
the limb, e.g. under the heel of the patient. 

Another example of such a system is described in US 5,339,533. 

Both systems also suffer from the disadvantages described above with the exception 
of the fixation bar which is not applied in these systems when determining the 



strength of the bone. However, by using these systems, only the bending deformation 
of the bone will be determined. Thus, the true strength of the bone will not be evalu- 
ated. 

A further prior art fixation device is described in WO 98/00062. This fixation device 
has two ring-shaped members attached to a fractured bone by pins on each side of the 
fracture. The two ring-shaped members are connected to each other by connecting 
studs in order to support the bone. One of the ring members comprises a first and a 
second element which may be rotated in relation to each other. The first element car- 
ries the connecting studs while the second element is connected to the pins. The two 
elements may be rotated in relation to each other when a force is exerted on the bone, 
i.e. the healing fracture, via one of the elements whereby the two bone parts will be 
subject to a torque attempting to twist the two bone parts in relation to each other. 
The extent of the movement, e.g. the angle, and the exerted force corresponding to 
the torque, may be measured in order to obtain values reflecting the strength of the 
bone. 

By this system, only the torsional strength of the bone, e.g. the healing bone, may be 
determined which may not provide a true picture of the strength of the healing bone, 
e.g. the state of healing, as the resistance to axial deformation and bending deforma- 
tion will not be detected and these resistances may not be proportional to the resis- 
tance of a torsional force. Thus, the true state of the healing process and the true 
strength of the bone, e.g. the healing bone fracture, may not be determined by this 
method. 

The prior art methods and systems for determining the strength or stiffness of a heal- 
ing bone generally suffer from the drawback that the strength of the healing bone 
will not be determined with the required accuracy. Thus, the optimal time for re- 
moval of a fixation device cannot be determined by using these methods and sys- 
tems. 



When trying to decide when a healing bone, e.g. a bone healing after a fracture or 
after an ostetomy performed in order to increase, reduce or alter the angling of the 
bone, has gained sufficient strength to allow a fixation device, e.g. an external fixa- 
tion device to be loosened or removed, it is important to find the optimal or nearly 
optimal time for loosening or removal. 

If the fixation device is removed too soon, the healing bone may be reftactured, 
whereby the patient will suffer additional discomfort and possibly complications in 
the healing process. Hereby, the healing period will be extended and the health ser- 
vice as well as society in general will have to spend unnecessary resources, e.g. loss 
of work, occupation of hospital resources etc., and the patient will suffer from addi- 
tional discomfort and loss of income. 

Therefore, there has been a tendency to extend the period of which a fixation device 
is used until it is safe to assume that a refracture will not occur. This tendency is en- 
hanced by the fact that existing methods of determining the state of a healing bone 
involve some inaccuracies. Consequently, in most cases, the fixation device is left on 
the patient for a longer period of time than is necessary in order to ensure that a re- 
fracture will not occur. 

As the healing process has proven to be accelerated when the fracture is subjected to 
normal or near-normal load situations as soon as it is deemed safe, the healing proc- 
ess as a whole is reduced. However, as there is a tendency to maintain the healing 
bone supported by the fixator longer than strictly necessary in order to be on the safe 
side, this will extend the healing and revalidation time leading to unnecessary re- 
source spending, loss of work, unnecessary occupation of hospital and medical re- 
sources, loss of income, prolonged discomfort of the patient etc. 

Thus, it is an object of the invention to provide an improved method of determining 
the strength or stiffness of a bone, and in particular a healing bone. A further object 
of the invention is to provide a method of determining the strength of a bone, and in 
particular a healing bone, whereby the strength of the bone may be determined with 
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improved accuracy, whereby an improved method of determining the time for re- 
moval of a holding device, and in particular an external holding device, may be pro- 
vided. 

Another object of the invention is to provide an improved apparatus for determining 
the strength or stiffness of a bone, and in particular a healing bone. A still further 
object of the invention is to provide an apparatus for determining the strength or 
stiffness of a bone, and in particular a healing bone, whereby the strength or stiffness 
of the bone may be determined with improved accuracy, whereby an improved 
method of determining the time for removal of a holding device, and in particular an 
external holding device, may be provided. 

It is also an object of the invention to provide a fixation device for a healing bone, 
whereby the fixation device will facilitate improved determination of the strength or 
stiffness of the bone, e.g. the healing bone. 

It is a further object of the invention to provide means for reducing the time during 
which a patient will have to be equipped with an external fixator, whereby costs in- 
volved with healing bones, e.g. bones healing after a fracture or after an osteotomy, 
will be reduced. 

These and other objects are achieved by the invention. 

Summary of the inv o ntion BRIEF SUMMARY OF THE INVENTION 

As stated in claim 1, t The invention relates to a method of measuring the strength of 
a bone, in particular a bone healing after a fracture or an osteotomy which has been 
performed in order to extend, reduce or alter the angle of the bone, whereby external 
fastening means are attached onto the bone in at least two locations, whereby saidthe 
external fastening means are provided with means for detection and/or measurement 
of relative displacement between saidthe at least two external fastening means, 
whereby the bone is subject to strain, and whereby corresponding measurements 



and/or detections are made of the relative displacement by contactless measurement 
of and/or detection means. 

Hereby, a measurement is made which will provide a more accurate assessment of 
the strength and/or stiffness of a bone as the measuring arrangements will not have 
any influence on the result of the measurements, e.g. the measuring arrangements 
will not contribute to the stiffness of the structure, i.e. the bone or bones subject to 
the measurements. Further, the contactless measuring arrangement will allow in- 
creased flexibility when setting up the arrangement and also allow measurements to 
be performed in more than one dimension. 

Preferably, aa stated in claim 2, mM easurement and/or detection of the relative dis- 
placement may comprise measurement and/or detection of a relative longitudinal 
displacement, a relative rotational displacement and/or a relative angular displace- 
ment. Hereby, measurements may be made of any deformations induced by any 
given force or load placed on the bone. 

As stated in claim 3, t The external fastening means may be part of external fixing 
means for supporting the bone. Hereby, a flexible and convenient way of obtaining 
measurements is achieved which are necessary for evaluating the healing state of a 
bone as fastening means already attached onto the patient may be used when per- 
forming the method. 

As stated in claim 1, t The bone is subjected to strain, preferably by the patient, and 
the strain is measured, detected and/or visualized. Hereby, deformations may be in- 
duced in a convenient manner and the cause of the deformations be documented. 

As stated in claim 5, t The corresponding measurements and/or detections of the rela- 
tive displacement and strain on the bone may be correlated and/or recorded, whereby 
a comparison of the deformations and the causes may be made, whereby an assess- 
ment of the strength of the bone may be conveniently performed. 
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The invention also concerns a method , as stated in claim 6, which relates to the 
measurement of the strength of a bone, in particular a bone healing after a fracture or 
after an osteotomy, whereby external fastening means are attached onto the bone in 
at least two locations, whereby saidthe external fastening means are provided with 
5 means for detection and/or measurement of relative displacement between saidthe at 
least two external fastening means, whereby the bone is subjected to strain, and 
whereby corresponding measurements and/or detections are made of the relative dis- 
placement in at least two dimensions of the strain on the bone. 

p' 10 Hereby, a method is achieved which will provide a more accurate assessment of the 

§1 strength and/or stiffness of a bone as the measuring arrangements will allow meas- 

i|| urements to be performed in more than one dimension providing improved meas- 

*lj urements of the induced deformations that those of prior art methods. 

II', v: 

p 15 Preferably, as stated in claim 7, t The measurement and/or detection of the relative 

■bi' displacement may comprise measurement and/or detection of a relative longitudinal 

displacement, a relative rotational displacement and/or a relative angular displace- 
£3 ment. Hereby, measurements may be made of any deformations induced by any 



20 



given force or load placed on the bone. 



As stated in claim 8, t The external fastening means may be part of external fixing 
means for supporting the bone. Hereby, a flexible and convenient way of obtaining 
the measurements necessary for evaluating the healing state of a bone is achieved as 
fastening means already attached onto the patient may be used when applying the 
25 method. 



As stated in claim 9, t The bone may be subjected to strain by the patient and the 
strain may be measured, detected and/or visualized. Hereby, deformations may be 
induced in a convenient manner and the cause of the deformations be documented. 

As stated in claim 10, t The corresponding measurements and/or detections of the 
relative displacement and the strain on the bone may be correlated and/or recorded, 



whereby a comparison of the deformations and the causes may be made, whereby an 
assessment of the strength of the bone may be conveniently performed. 

Further, the invention relates to an apparatus , as claimed in claim 11, for measure- 
ment of the strength of a bone, in particular a bone having a healing osteotomy or a 
healing bone fracture, thesaid apparatus comprising external fastening means for 
connection to the bone in at least two locations, thesaid external fastening means 
being provided with means for detection and/or measurement of relative displace- 
ment by contactless measurement and/or detection means between thesaid at least 
two external fastening means. 

Hereby, an apparatus is provided whereby a measurement is made which will pro- 
vide a more accurate assessment of the strength and/or stiffness of a bone as the 
measuring arrangements will not have any influence on the result of the measure- 
ments, e.g. the measuring arrangements will not contribute to the stiffness of the 
structure, i.e. the bone or bones subject to the measurements. Further, the contactless 
measuring arrangement will allow increased flexibility when setting up the arrange- 
ment and allow measurements to be performed in more than one dimension by the 
apparatus. 

Preferably, as stated in claim 12, t The apparatus is provided with means for meas- 
urement -and/or detection of induced strain on the bone. Hereby, the cause of the 
deformations may be readily documented and utilized in connection with the assess- 
ment of the bone strength. 

As stated in claim 13, t The apparatus may be provided with means for correlating 
thesaid measurements and/or detections of relative displacement and strain, whereby 
a comparison of the deformations and the causes may be made by the apparatus, 
whereby an assessment of the strength of the bone may be conveniently performed 
on the basis hereof. 
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As stated in claim 14, tThe means for contactless measurement and/or detection of 
relative displacement between thesaid at least two external fastening means may fa- 
cilitate measurement and/or detection of a relative longitudinal displacement, a rela- 
tive rotational displacement and/or a relative angular displacement. Hereby, meas- 
5 urements may be made of any deformations induced by any given force or load 
placed on the bone. 

As stated in claim 15, t The external fastening means may be part of external fixing 
means for supporting the bone. Hereby, an apparatus according to this embodiment 
p 10 may be utilized in a flexible and convenient way to obtain the measurements neces- 

sary for assessing the healing state of a bone as fastening means already attached 
onto the patient may be used in connection with or as part of the apparatus. 
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As stated in claim 16, t The apparatus is provided with means for supporting one or 
|i 15 both ends of a limb, for positioning one end of a limb and/or for transferring force 

W to/from the limb to/from measuring means. Hereby, the patient may exert the load or 

% i force necessary to induce the deformations of the bone or bones. The weight of a 



limb alone may constitute a load or the patient may place more or less bodyweight on 
the limb. When one end of the limb is positioned, preferably by a bracket or similar 
20 means, the patient may exert force on the bone in any other direction than the vertical 
direction, e.g. horizontal direction, attempting to twist the bone etc., whereby more 
varied deformations may be induced. 

As stated in claim 17, t The apparatus may comprise means for indicating, visualizing 
25 and/or recording the measured and/or detected strain. Hereby, the cause of the de- 
formations may be documented by the apparatus, whereby an assessment of the 
strength of the bone may be performed by a skilled user. 



As stated in claim 18, t The apparatus may preferably comprise means for indicating, 
30 visualizing and/or recording the measured and/or detected relative displacement, 
whereby the result of the measurements may be used for immediate or subsequent 
assessments. 
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The invention further relates to an apparatus , aa claimed in claim 19, for measure- 
ment of the strength of a bone, in particular a bone having a healing osteotomy or a 
healing bone fracture, thesaid apparatus comprising external fastening means for 
connection to the bone in at least two locations, thesaid external fastening means 
being provided with means for detection and/or measurement of relative displace- 
ment in at least two dimensions between thesaid at least two external fastening 
means, and thesaid apparatus being provided with means for measurement and/or 
detection of an induced strain on the bone. 

Hereby, an apparatus is provided by means of which a more accurate assessment of 
the strength and/or stiffness of a bone may be performed as the measuring arrange- 
ments of the apparatus will facilitate measurements in more than one dimension and 
thus provide improved measurements of the induced deformations than those of prior 
art apparatuses. 

Preferably, as stated in claim 20, t The apparatus may be provided with means for 
correlating thesaid measurements and/or detections of relative displacement and 
strain, whereby a comparison of the deformations and the causes may be provided by 
the apparatus, whereby an assessment of the strength of the bone may be conven- 
iently performed by a skilled person, e.g. a physician. 

Preferably, as stated in claim 21, t The means for detection and/or measurement of 
relative displacement in at least two dimensions between thesaid at least two external 
fastening means may facilitate measurement and/or detection of a relative longitudi- 
nal displacement, a relative rotational displacement and/or a relative angular dis- 
placement. Hereby, measurements may be made of any deformations induced by any 
given force or load placed on the bone. The means for detection and/or measurement 
of relative displacement in at least two dimensions may be configured as mechanical 
measuring means, e.g. slide gauges or other similar means connected to the two ex- 
ternal fastening means in such a manner that measurements may be made in two or 
more dimensions. 
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A stated in claim 22, t The external fastening means may be part of external fixing 
means for supporting the bone. Hereby, an apparatus according to this embodiment 
may be utilized in a flexible and convenient way to obtain the measurements neces- 
sary for assessing the healing state of a bone as fastening means already attached 
onto the patient may be used in connection with or as part of the apparatus. 

As stated in claim 23, t The apparatus may be provided with means for supporting 
one or both ends of a limb, for positioning one end of a limb and/or for transferring 
force to/from the limb to/from measuring means. Hereby, the patient may exert the 
load or force necessary to induce the deformations of the bone or bones. The weight 
of a limb may constitute a load alone or the patient may place more or less body- 
weight on the limb. When one end of the limb is positioned, preferably by a bracket 
or similar means, the patient may exert a force on the bone in any other direction 
than the vertical direction, e.g. horizontal direction, attempting to twist the bone etc., 
whereby more varied deformations may be induced. 

As stated in claim 24, t The apparatus may comprise means for indicating, visualizing 
and/or recording the measured and/or detected strain. Hereby, the cause of the de- 
formations may be documented by the apparatus, whereby an assessment of the 
strength of the bone may be performed by a skilled user. 

As stated in claim 25, t The apparatus may comprise means for indicating, visualizing 
and/or recording the measured and/or detected relative displacement, whereby the 
result of the measurements may be used for immediate or subsequent assessments. 

Finally, the invention also pertains to an external fixation devic e, as stated in claim 
26? which relates to an external fixator for supporting a bone, e.g. a bone in a limb of 
an animal or a human being, thesaid fixator comprising means for fastening onto the 
bone in at least two locations and connecting means for providing a preferably ad- 
justable connection between thesaM fastening means, wherein thesaM connection 
means are replaceable and wherein measurement and/or detection means for detec- 
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tion and/or measurement of relative displacement between thesaid at least two exter- 
nal fastening means are attachable to thesaid at least two external fastening means. 

Hereby, a fixator for supporting a bone or bones is provided which may also serve as 
fastening means when performing measurements of the flexibility of the bone. Thus, 
the measurements and hence the assessment of the healing state of the bone may be 
performed in a expedient manner when a fixator according to the invention is util- 
ized. 

Preferably, as stated in claim 27, said The measurement and/or detection means for 
detection and/or measurement of relative displacement between thesaid at least two 
external fastening means are contactless. Hereby, a measurement may be made 
which will provide a more accurate assessment of the strength and/or stiffness of a 
bone, as the measuring arrangements will not have any influence on the result of the 
measurements, e.g. the measuring arrangements will not contribute to the stiffness of 
the structure, i.e. the bone or bones subject to the measurements. Further, the contact- 
less measuring arrangement will allow increased flexibility when setting up the ar- 
rangement and also allow measurements to be performed in more than one dimen- 
sion. 

As stated in claim 28, said The measurement and/or detection means for detection 
and/or measurement of relative displacement between thesaid at least two external 
fastening means may be configured for detection and/or measurement of relative 
displacement in at least two dimensions. Hereby, a more accurate assessment of the 
strength and/or stiffness of a bone may be performed as the measuring arrangements 
will allow measurements to be performed in more than one dimension and provide 
better measurements of the induced deformations than those of prior art systems. The 
means for detection and/or measurement of relative displacement in at least two di- 
mensions may be configured as mechanical measuring means, e.g. slide gauges or 
other similar means connected to the two external fastening means in such a manner 
that measurements may be made in two or more dimensions. Other measuring means 
than purely mechanical ones may be used as well. 
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As stated in claim 29, sai d The at least two external fastening means may each com- 
prise or be connected to a structural member which surrounds the body part contain- 
ing the bone at least partly, thesaid preferably adjustable connection between thesaid 
fastening means being connected to thesaid structural members. Hereby, the fasten- 
ing means may constitute a firm connection for attachment of the measurement 
and/or detection means. 

As stated in claim 30, said The structural members may comprise separate and/or 
relatively movable parts which may be joined and/or adjusted in order to surround a 
limb at least partly. Hereby, the structural members may be used flexibly as they may 
be adjusted in relation to the actual use as the structural members may be easily at- 
tached and removed. 

As stated in claim 31, t The connection means comprises one, two, three, four or 
more connecting rods which may preferably be adjustably placed between thesaid at 
least two fastening means. Hereby, a versatile fixator is achieved which may be used 
in a wide number of applications. 

As stated in claim 32, t The measurement and/or detection means for detection and/or 
measurement of relative displacement between thesaid at least two external fastening 
means are attachable to thesaid structural members forming part of or being con- 
nected to thesaid at least two external fastening means. Hereby, the fastening means 
may conveniently be fastened onto appropriate places, e.g. the front of the bone, the 
side etc., and provide a firm connection. 

As stated in claim 33, t The measurement and/or detection means for detection and/or 
measurement of relative displacement may be connected to the at least two external 
fastening means and/or thesaid corresponding structural members by means which 
also serve as fixation means for thesaid preferably adjustable connection between 
thesaid fastening means. Hereby, the fastening of the measurement and/or detection 
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means may be performed in a surprisingly simple manner and by means of a mini- 
mum of technical means. 



As stated in claim 31, t The measurement and/or detection means for detection and/or 
measurement of relative displacement may comprise electrical, magnetic or electro- 
magnetic measurement and/or detection means. Hereby, the fixator may be flexibly 
used in connection with a number of different measuring arrangements selected ac- 
cording to actual use, actual measurement, and/or processing arrangements and/or 
other preferences. 
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As stated in claim 35, t The measurement and/or detection means for detection 

and/or measurement of relative displacement may comprise optical measurement 

and/or detection means, for example in the form of digital video cameras or light 

§3 emitting devices such as for example LEDs. Hereby, an advantageous measuring 

15 arrangement is achieved which is relatively easy to install and use and which facili- 
ty.'' 

IaJ tates effortless use also by person without any particular technical skills. 



As stated in claim 36, t The measurement and/or detection means for detection and/or 
measurement of relative displacement may comprise one or more measurement 
20 and/or detection means . 



As stated in claim 37, t The measurement and/or detection means for detection 
and/or measurement of relative displacement in at least two dimensions comprise 
two or more measurement and/or detection means placed at a circumferential dis- 
25 tance, e.g. in relation to an axis of the bone, whereby the accuracy of the measure- 
ments may be enhanced and hence also the accuracy of the assessment of the 
strength of the bone and consequently the healing state of the bone. 

Tho figuros BRIEF DESCRIPTION OF THE DRAWINGS 

30 

The invention will be described below with reference to the drawings of which 
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ffig.4 
ffig.5 



ffig. 1 



ffig. 2 
ffig. 3 



illustrates a bone separated in two parts and deformations of this bone 
schematically, 

shows a fixation device attached onto the lower leg of a human being, 
illustrates the fixation device shown in ffig. 3 with deformation meas- 
uring means attached, 

shows an alternative deformation measuring arrangement, and 

shows a block diagram illustrating the signal processing according to a 



further embodiment of the invention. 



Detailed doscription DETAILED DESCRIPTION OF THE INVENTION 

Fig. 1 illustrates a bone 10, for example a bone of a human being. This bone 10 has 
been separated in two parts 10a and 10b, for example a proximal part 10a and a distal 
part 10b. The separation may be due to a fracture or to an osteotomy operation. Dur- 
ing healing, the bone will flex at the place of separation when exposed to stress. The 
flexing may be illustrated by the two bone part vectors 1 la and 1 lb, extending from 
an origin 12a and 12b, respectively. The direction of these vectors represents axes of 
the bone parts 10a and 10b, e.g. local bone axes and not necessarily an axis of the 
bone 10, 

Obviously, the bone parts 10a and 10b will move longitudinally when exposed to 
stress. For example, the bone parts will move towards each other when subjected to 
an at least partly longitudinal force, whereby the healing part of the bone will be 
compressed. This will be indicated by a reduction of the distance 13 between the 
origins 12a and 12b of the bone part vectors 11a and 1 lb, respectively. 

Further, application of force and/or momentum to the bone 10 may induce a relative 
rotational movement of the two bone parts 10a and 10b, which is illustrated by a vec- 
tor 14a and a vector 14b, extending from the origins 11a and 1 lb, respectively. These 
vectors 14a and 14b may extend at right angles from the bone part vectors 11a and 
1 lb, respectively, and/or they may extend in one and the same direction, preferably 
in a direction perpendicular to one or both of the bone part vectors 1 la and 1 lb. 
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In an unstrained situation, these vectors extend in a reference direction, illustrated by 
the punctuated lines 15a and 15b, respectively. As one or both of the bone parts may 
be rotated when strained, angles 16a and 16b between the vector 14a and the refer- 
5 ence direction 15a and between the vector 14b and the reference direction 15b re- 
spectively, serve to indicate the rotational movement of the bone parts 10a and 10b 
and hence also the relative rotational displacement of the bone parts. 

Finally, application of force and/or momentum to the bone 10 may induce an angular 
10 displacement of the bone parts 10a and 10b and hence the bone part vectors 11a and 
g?j 1 lb, causing a change of direction of the bone part vectors. These angles may be 

indicated by the angle of the bone part vectors in relation to a reference direction, or 
v|g. by the angle of the vectors 14a and 14b, respectively, in relation to a reference direc- 

0 tion (not shown) in a plane defined by the bone part vector 11a and the vector 14a 

|i 15 and/or the bone part vector lib and the vector 14b. As will be explained later, the 



m 



* latter of these two methods will be preferable in connection with the invention. 



When determining the strength or stiffness of a bone, and in particular a healing 
bone, it is desirable to be able to determine all the above-defined relative movements, 
20 e.g. the change in distance 13, the change in difference between the angles 16a and 
16b and the relative change of direction of the bone part vectors 11a and lib when 
forces and/or torques may be exerted on a bone, an assembly of bones and/or a limb. 

The invention will now be explained farther by reference to an external holder or 
25 fixator as illustrated in fFig. 2. This holder may be used to support a fractured bone 
while healing or, as illustrated, for a leg 20 on which an osteotomy is performed in 
order to extend, reduce or alter the angle of the bone, and to support the bones during 
the healing process. The external fixator may be unilateral, e.g. support by only one 
axial supporting bar or rod, semicircular, e.g. support of half a circle surrounding the 
30 bone, or circular, e.g. support is essentially circumferentially. 
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In fFig. 2, the use of the external fixator is illustrated in connection with the lower 
leg of a human being, but the fixator may obviously also be used in connection with 
other limbs and/or bones if appropriately modified. Further, an external fixator may 
be used in connection with animals as well as human beings. 

The fixator comprises a number of ring-shaped structural members 21, 22, 26 and 27. 
The upper ring-shaped member is attached onto one or both bones, the tibia 29 and 
the fibula 28, of the lower leg by bone pins, bone screws, bone rods or as shown by 
bone wires 23 connected to the ring-shaped member 21 by connectors 24 and 25. The 
connectors 24 and 25 allow the bone wire to be fastened onto the ring-shaped mem- 
ber 23 with sufficient tensile strength to assure a rigid connection between the ring- 
shaped member 21 and the bone or bones 29 and 28. 

The ring-shaped member 22 is similarly connected to one or both of the bones 28 and 
29 by wires 23 and connectors 24 and 25. The lower ring-shaped members 26 and 27 
are fastened onto the lower part of one or both of the bones 29 and 28 in the same 
fashion. 

The upper ring-shaped members 21 and 22 are located above the healing sites 29a 
and 28a of the tibia 29 and the fibula 28, respectively, and the lower ring-shaped 
members are located below the healing sites 29a and 28a. Connecting means 30 in 
the form of connecting rods are placed between the ring-shaped members in order to 
support the bones, i.e. the leg. The connecting rods are threaded, at least at the ends, 
whereby they can be connected to the ring-shaped members by nuts. Longer connect- 
ing rods 30a are located between the ring-shaped members 22 and 27 and shorter 
connecting rods 30b are located between the ring-shaped members 21 and 22 and the 
ring-shaped members 26 and 27. 

As the connecting rods are threaded, the distance between the ring-shaped members 
can be adjusted. The distance between the ring-shaped members 21 and 22 and the 
ring-shaped members 26 and 27, respectively, can be adjusted in dependency of the 
actual placing of the corresponding bone wires 23. The distance between ring-shaped 
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members 22 and 27 can be adjusted by the connecting rods 30a in order to fixate the 
bone parts appropriately in relation to each other. 

When the fixator is used in connection with a leg with a (simple) fracture, the fixator 
can be adjusted to achieve the natural relations between the bone parts, after which 
the relationship is maintained until the fracture site has healed sufficiently. 

When the fixator is used in connection with a more complex fracture or in connec- 
tion with a bone extension/reduction/re-angling, the connecting rods 30a are initially 
adjusted to define an appropriate distance between the bone ends, i.e. the fractured 
bone ends or the separated bone ends, whereby a healing process, e.g. a bone mass 
producing process, will begin. Once the healing has started, i.e. the production of 
bone mass, and has reached a certain stage, the connecting rods 30a can be adjusted 
to pull the bone ends further apart, whereby the healing process will proceed and 
produce bone mass in the now intermediate space between the bone parts. This may 
be repeated until the desired length of the bone or bones has been achieved. A con- 
solidation of the healing site will then have to take place, after which the fixator may 
be loosened and/or eventually permanently removed. 

The stage of the healing process, e.g. the stiffness or strength of the healing fracture 
site, can be determined as shown in ffig. 3. This figure corresponds to fFig. 2. How- 
ever, the connecting rods 30a of the fixating device have been loosened (in the early 
stages of the healing process) or removed, leaving the leg and the bones 29 and 28 
unsupported or partially unsupported. A number of light emitting devices such as for 
example light emitting diodes (LEDs) 31 has been placed on one of the upper ring- 
shaped members 22. These LEDs are each mounted at one end of a fixture 32, which 
has attachment means 33 at the other end by which it is connected to the ring-shaped 
member 22, for example by through-holes in the ring-shaped member. 

Correspondingly, a bracket has been mounted on one of the lower ring-shaped mem- 
bers 27. The bracket comprises a number of rods 35 which are attached by clamping 
means 37 to the ring-shaped member 27 at the lower ends, for example by bolt and 
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nut. At the upper end of the rods 35, a ring-shaped support has been mounted, and a 
number of mini-cameras 34 have been placed on the support 35 and/or the rods 35. 
The cameras, which may be digital video cameras such as USB-cameras, are placed 
in such a manner that they are located in the proximity of the light emitting devices 
5 31. 

When a load, a force and/or a torque is exerted upon the leg 20, the bones will be 
able to flex freely, as the connecting rods have been removed. This flexing will be 
^ transferred to corresponding movements of the ring-shaped members 21 and 27 and 

Q 10 hence also the light emitting devices 31 and the cameras 34. By reference to ffig. 1 



and the corresponding explanation, it is evident that the relative movements of the 
light emitting devices 31 and the cameras 34 will provide a full and complete picture 
of the flexing of the bones in all possible dimensions, and when correlated with the 
load or force placed onto the bone or bones also on the strength of the healing struc- 
jg 1 5 ture, as will be explained at a later point. 



If: . ;: 

'ty For example, an axial deformation will be determined by a vertical change of the 



position of the image of the light-emitting device 31 on the corresponding camera 34. 
A rotational flexing will be determined by a horizontal change of the position of the 

20 image of the light-emitting device 31 on the corresponding camera 34, and as more 
than one LED/camera arrangement is used, in the example four, a bend, e.g. an angu- 
lar flexing of the bone, will be detected by a difference in the changes of the posi- 
tions of the image of the light-emitting device 31 on the corresponding camera 34. It 
is evident that more than two camera/LED-arrangements of this particular configura- 

25 tion placed at different locations may be necessary to achieve this. However, only 
one camera/light emitting arrangement will suffice to provide a measurement of the 
deformations in two or more dimensions as will be described at a later point. Proc- 
essing of the signals or results from the cameras 34 is necessary in order to obtain 
results indicating the actual one, two or three-dimensional flexing move- 

30 ments/deformations. Such processing methods are known to persons skilled in the art 
and will not be described in detail. 
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Figure 3 shows that four camera/LED-arrangements may be used and evenly distrib- 
uted on the circular ring-shaped support 36, e.g. with an angle interval of 90°. Other 
configurations obvious to a skilled person may be used as well, and additional cam- 
era/LED-arrangements may be used, e.g. two, three, four, five etc. 

Further, it is obvious that the LED-arrangements 32, 33, 34 and the camera arrange- 
ments 34, 35, 36, 37 may be configured as units which may be attached onto the cor- 
responding ring-shaped members 22 and 27 as units whereby the placing of the 
measuring arrangements may be performed in an easy and fast manner. 

Fig. 3 illustrates the foot of the patient being placed on a force plate 38 in order to 
determine the load or force, which is exerted on the leg/bone/bones. This force plate 
38 may be constituted by a simple weight, a weight cell or other suitable means. Fur- 
ther arrangements may be configured to measure or determine other forces than sub- 
stantially vertical forces, e.g. horizontal forces, or torques exerted on the leg. These 
arrangements may comprise a bracket or similar means (not illustrated) connected to 
measurement and/or detection means. For example, these means may be arranged to 
transfer forces exerted by the patient to the weight cell or other measuring means 
arranged to measure the vertical forces, whereby these means may also be used to 
measure or indicate non-vertical loads or forces. Hereby, the patient may be able to 
exert a twisting torque on the leg, e.g. by attempting to turn his foot. The force in e.g. 
horizontal direction exerted by the foot may then be measured or detected by the 
measuring means related to the bracket. Further, the patient may exert bending force 
on the leg by attempting to push the foot forward, backwards or sideways, whereby 
the force may be measured or detected by the measuring arrangements in a similar 
manner. 

The force exerted by a patient attempting to turn or twist his foot may also be deter- 
mined by using for example a electromotor, e.g. an electrodynamic motor, arranged 
axially beneath the support. When the patient attempts to turn his foot, this will have 
to be done against a torque exerted by the motor. The torque can be determined, as 
will be obvious to a skilled person, by knowledge of the motor characteristics and by 
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determining the motor current. Further, the maximum torque may be controlled by 
controlling the motor current, whereby it can be avoided that the patient may place 
an excessively large load on the bone, as the motor will just allow further turning 
when the maximum torque has been reached. 

Other safety means may be provided, e.g. audible or visible alarm means which will 
indicate to the patient and/or to the physician that a certain level of force has been 
reached which may harm the healing bone. The maximum level or levels of force 
may be selected and/or adjusted by the physician on the basis of the knowledge of 
the patient, the state of healing, former tests etc., whereby refractures and other harm 
to the patient and the healing bone/bones may be avoided. The audible or visible 
alarm means may also serve to indicate the actual level of force, for example by a 
frequency increase once the level offeree exerted by the patient increases. 

Other measuring means obvious to a person skilled in the art may also be utilized. 

Another arrangement for measuring the relative flexing movements, e.g. the defor- 
mation of a bone, is illustrated in figFig. 4. In this figure, only two ring-shaped struc- 
tural members 22 and 27 of the fixating device are, of course, fixed onto a bone as 
described in connection with fFigs. 2 and 3 are described. On one on these ring- 
shaped members 22 in the example, a camera 41 is placed and points towards the 
other ring-shaped member 27 in the example. On this ring-shaped member 27, a ref- 
erence device 42, which must be placed in such a manner that it will be in the vision 
field of the camera 41 in an unstrained situation of the bone, is placed in a similar 
manner. 

The reference device 42 comprises a number of indicator elements in the form of 
light emitting diodes (LEDs) 43 for positioning the reference device 42 in the right 
position in relation to the camera 41. These LEDs 43 are placed in a particular pat- 
tern, e.g. in parallel rows and columns as illustrated, in order to facilitate the adjust- 
ment and positioning of the reference device 42 and/or the camera 41 . 
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Further, the reference device 42 comprises a number of indicator elements in the 
form of light emitting diodes (LEDs) 44 for detecting the relative movements, i.e. 
deformations of the bone. These LEDs 44 are placed opposite a mirror 45 which is 
placed at an angle of for example 45° in relation to the plane at which the LEDs 44 
are positioned. By this airangement, deformations of the bone in one, two or three 
dimensions can be detected and measured. For example, axial deformation can be 
detected as the distance between the LEDs 44 is known, whereby relative axial 
movements may be determined by processing the corresponding video images, e.g. 
the distances on the images. Further, rotational movements can be detected and 
measured as the initial positions of the reference device 42 and the LEDs 44 are 
known in the unrestrained situation. The angular movements can be detected and 
measured as the mirror 45 is involved, whereby the distance on the image between 
the rows and/or columns of LEDs 44 will change, i.e. the image of the distance be- 
tween two rows will be larger in one end than in the other end and vice versa, when a 
tilt between the two ring-shaped members 22 and 27 is involved. Evidently, process- 
ing of the measurements from the camera 41 has to be performed in order to achieve 
values for the deformations of the bone/bones. Such processing may be performed in 
a number of ways which will be known to person skilled in the art. 

Fig. 4 shows only one set of cameras with a reference device by which it will be pos- 
sible to determine the deformations of a bone. More than one set of cameras and a 
reference device may be utilized whereby the accuracy of the determined or meas- 
ured deformations may be improved. 

Instead of light emitting diodes, other indicating means may be utilized, for example 
strongly colored spots, light reflecting means etc. as the purpose is to define refer- 
ence points detectable to the camera 41 . 

The mirror 45 may be placed at other angles than the illustrated 45°, whereby corre- 
sponding alterations to the configuration may have to be performed, however. 
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Other means of arranging the light emitting devices may be utilized, for example a 
number of light emitting devices arranged in two levels in order to provide the neces- 
sary information to the camera. Further, additional cameras such as two, three or 
more, may be provided and correspond to a light emitting device arrangement, 
whereby the necessary information concerning the deformation in two or more di- 
mensions may be provided. 

Fig. 5 shows a block diagram illustrating an embodiment of the method and appara- 
tus, whereby the deformations of a bone, and in particular a healing bone, can be 
determined and whereby the strength and/or the state of healing can be determined. 

The signals 51a - 5 In from a number of sets of measuring arrangements comprising 
for example video cameras as measurement tools are led to a processing unit 52, 
wherein the signals are processed in order to determine actual deformations and/or 
values corresponding to such deformations. When the measuring arrangement is con- 
figured as described in connection with IF ig. 3, at least two measuring arrangements 
are required while an arrangement as described in connection with fF ig. 4 may work 
satisfactorily with only one measuring arrangement. 

The processing unit 52 may be connected to a indicating device 53, for example a 
scale, on which the patient and/or the physician may observe the magnitude of the 
resulting deformations. Further, the signals 57 from the processing unit 52 are led to 
a further processing unit 59 which will be described later. 

Signals 54a - 54m, for example signals from a weight cell, a force measuring device, 
a torque measuring device etc., are led to a force signal processing unit 55. This unit 
may be connected to a force indicator 56, for example in the form of a scale, which 
allows the patient and/or the physician to observe the force and the lo^d placed on 
the bone by the patient, for example. Hereby, it may be avoided that an excessive 
load or force is exerted on the healing bone or bones. The force signal processing 
unit 55 may process the incoming signals to calculate the actual force which acts on 
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the bone or bones and may indicate this force in normalized and/or standardized val- 
ues, e.g. the vertical force, horizontal force, force in a forward direction etc. The re- 
sulting signals 58 from the force signal processing unit 55 are led to the additional 
processing unit 59 which serves to correlate the measured and/or detected deforma- 
tions with the load or force exerted on the bone or bones. The results 60 hereof may 
be indicated on a display (not shown), for example in graphical form or as tables, 
or/and they may be printed. Further, the results may be stored by means of a storing 
unit 61, whereby the results may be used in connection with testing of the healing 
state of bones on other patients, on different bones of the same patient, or in connec- 
tion with subsequent testing of the same bone or bones of the same patient. Further, 
the test results may be used as e.g. statistical data in connection with improvements 
of methods for assessing the healing state of bones. 
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SUBSTITUTE SPECIFICATION (CLEAN VERSION) 
Method of Measuring Bone Strength, Apparatus For Measuring Bone 
Strength and Fixation Device 



BACKGROUND OF THE INVENTION 



Field of the invention 



The invention relates to a method of measuring the strength or stiffness of a bone, an 
apparatus for measuring the strength or stiffness of a bone and an external fixator for 
supporting a bone. 



Description of Related Art 



When a bone, for example a bone in a limb of an animal or a human being, is healing 
after a fracture, it is known to support such a bone with an external holding device 
called a fixation device or a fixator. Such a fixator serves to fixate the ends of the 
bone in relation to each other as well as to carry the load or part of the load which a 
patient may have to place on the bone during the healing process. 

Further, it is known to use such a fixator when extending the length of a bone. This is 
done by performing an osteotomy, i.e. by performing a substantially transversal cut 
in the bone, by preferably gradually pulling the ends of the bone apart at a predeter- 
mined and limited distance and by fixating the ends of the bone adjacently to each 
other. Hereby, the space between the ends of the bone will gradually be filled with 
new bone material, after which the ends of the bone may be pulled apart once again 
in order to increase the length of the bone even further. Eventually, when the bone 
has reached the required length and developed the necessary strength and stiffness, 
the external fixating device, the fixator, which may be unilateral, semicircular or cir- 
cular, may be removed. 



In order to determine the right time for removal of the fixator during a healing proc- 
ess and/or during a revalidation process, it is known to evaluate the consolidation of 
the fracture or the osteotomy by using radiography, e.g. x-ray-technology, DEXA 
(dual or double energy x-ray absorption), CT-scaiuiing, or other similar methods 
such as ultrasound, other scanning methods etc. However, these methods rely on the 
assessment skills and experience of the person or persons, e.g. the physician or the 
surgeon, using the method. Thus, an accurate and objective determination can not be 
made by using this method. Further, it is known to perform a purely physical exami- 
nation in order to determine the strength or stiffness of a healing bone, e.g. by having 
the physician grab the limb and physically try to flex, bend and/or twist the limb in 
order to assess the state of healing. Of course, this is based solely on the assessment 
skills and experience of the person or persons, e.g. the physician, carrying out the 
examination. 

In this context, it is understood that the terms stiffness and strength of a bone will 
refer to the same physical parameter of a bone, e.g. the resistance to deformation 
once a force or load is placed on the bone. 

Further, it is known to detect or measure the deformation of a part using a fixator, 
when a load is placed on the assembly of the bone and the fixator. 

An example of this is described in US 5,792,076, which relates to a fixation device 
having an elongated optical fiber. The fixation device is affixed to a patient's bone 
by pins attached to a fixation bar. The fixation bar comprises the elongated optical 
fiber and light is transmitted through the optical fiber to an exit point where the in- 
tensity is measured. As the bone fracture is gradually healing, the load, e.g. the 
weight or part of the weight of the patient, will gradually be transferred from the 
fixation bar to the bone of the patient, giving rise to a change in the intensity of the 
transmitted light. Thus, a physician will be able to assess when the fracture has fully 
healed by observing the change in the light intensity. 



This method, however, suffers from the disadvantage that the fixation bar is an inte- 
gral part of the system of which the strength is evaluated. Thus, the result of the as- 
sessments will not necessarily provide a true picture of the strength of the bone. Fur- 
ther, the assessment is given of a deformation of the fixation bar which is mounted 
unilaterally. Thus, the deformation of the bone in other dimensions will not be evalu- 
ated by this method. Further, in many cases, a fractured bone will have one or more 
neighboring bones, for example in a lower arm or in a lower leg, which means that 
when a limb is subjected to a certain load or a strain, this load or strain will be dissi- 
pated on the bones in the limb and possibly also on any fixation devices used. Thus, 
the load, force or strain placed on the fractured bone will be difficult to determine on 
the basis of the load placed on the limb, and the deformation of the bone and the limb 
will depend on the assembly as a whole. Thus, for example, a load on a limb in an 
axial direction may of course result in an axial deformation of the fracture bone, but 
it may also result in an angular deformation, e.g. a twisting motion, and a bending 
deformation. 

It is also known to use means for measuring or detecting the strain and/or deforma- 
tion of the bone, wherein the means is attached to the bone or the limb. 

An example of such a method is described in EP 0 324 279 Al, wherein the bending 
of e.g. a lower leg having a healing fracture is measured by means of a goniometer. 
Bone pins are placed on each side of the fracture site, and a goniometer is attached to 
these pins and positioned substantially parallelly with the axis of the bone. The de- 
formation, i.e. the bending of the bone, is measured while simultaneously applying 
force to the bone of the patient. This force, which may be constituted by the weight 
of the limb, e.g. the lower leg, may be measured by a scale placed under one end of 
the limb, e.g. under the heel of the patient. 

Another example of such a system is described in US 5,339,533. 

Both systems also suffer from the disadvantages described above with the exception 
of the fixation bar which is not applied in these systems when determining the 



strength of the bone. However, by using these systems, only the bending deformation 
of the bone will be determined. Thus, the true strength of the bone will not be evalu- 
ated. 

A further prior art fixation device is described in WO 98/00062. This fixation device 
has two ring-shaped members attached to a fractured bone by pins on each side of the 
fracture. The two ring-shaped members are connected to each other by connecting 
studs in order to support the bone. One of the ring members comprises a first and a 
second element which may be rotated in relation to each other. The first element car- 
ries the connecting studs while the second element is connected to the pins. The two 
elements may be rotated in relation to each other when a force is exerted on the bone, 
i.e. the healing fracture, via one of the elements whereby the two bone parts will be 
subject to a torque attempting to twist the two bone parts in relation to each other. 
The extent of the movement, e.g. the angle, and the exerted force corresponding to 
the torque, may be measured in order to obtain values reflecting the strength of the 
bone. 

By this system, only the torsional strength of the bone, e.g. the healing bone, may be 
determined which may not provide a true picture of the strength of the healing bone, 
e.g. the state of healing, as the resistance to axial deformation and bending deforma- 
tion will not be detected and these resistances may not be proportional to the resis- 
tance of a torsional force. Thus, the true state of the healing process and the true 
strength of the bone, e.g. the healing bone fracture, may not be determined by this 
method. 

The prior art methods and systems for determining the strength or stiffness of a heal- 
ing bone generally suffer from the drawback that the strength of the healing bone 
will not be determined with the required accuracy. Thus, the optimal time for re- 
moval of a fixation device cannot be determined by using these methods and sys- 
tems. 



When trying to decide when a healing bone, e.g. a bone healing after a fracture or 
after an ostetomy performed in order to increase, reduce or alter the angling of the 
bone, has gained sufficient strength to allow a fixation device, e.g. an external fixa- 
tion device to be loosened or removed, it is important to find the optimal or nearly 
optimal time for loosening or removal. 

If the fixation device is removed too soon, the healing bone may be reftactured, 
whereby the patient will suffer additional discomfort and possibly complications in 
the healing process. Hereby, the healing period will be extended and the health ser- 
vice as well as society in general will have to spend unnecessary resources, e.g. loss 
of work, occupation of hospital resources etc., and the patient will suffer from addi- 
tional discomfort and loss of income. 

Therefore, there has been a tendency to extend the period of which a fixation device 
is used until it is safe to assume that a refracture will not occur. This tendency is en- 
hanced by the fact that existing methods of determining the state of a healing bone 
involve some inaccuracies. Consequently, in most cases, the fixation device is left on 
the patient for a longer period of time than is necessary in order to ensure that a re- 
fracture will not occur. 

As the healing process has proven to be accelerated when the fracture is subjected to 
normal or near-normal load situations as soon as it is deemed safe, the healing proc- 
ess as a whole is reduced. However, as there is a tendency to maintain the healing 
bone supported by the fixator longer than strictly necessary in order to be on the safe 
side, this will extend the healing and revalidation time leading to unnecessary re- 
source spending, loss of work, unnecessary occupation of hospital and medical re- 
sources, loss of income, prolonged discomfort of the patient etc. 

Thus, it is an object of the invention to provide an improved method of determining 
the strength or stiffness of a bone, and in particular a healing bone. A further object 
of the invention is to provide a method of determining the strength of a bone, and in 
particular a healing bone, whereby the strength of the bone may be determined with 



improved accuracy, whereby an improved method of determining the time for re- 
moval of a holding device, and in particular an external holding device, may be pro- 
vided. 

Another object of the invention is to provide an improved apparatus for determining 
the strength or stiffness of a bone, and in particular a healing bone. A still further 
object of the invention is to provide an apparatus for determining the strength or 
stiffness of a bone, and in particular a healing bone, whereby the strength or stiffness 
of the bone may be determined with improved accuracy, whereby an improved 
method of determining the time for removal of a holding device, and in particular an 
external holding device, may be provided. 

It is also an object of the invention to provide a fixation device for a healing bone, 
whereby the fixation device will facilitate improved determination of the strength or 
stiffness of the bone, e.g. the healing bone. 

It is a further object of the invention to provide means for reducing the time during 
which a patient will have to be equipped with an external fixator, whereby costs in- 
volved with healing bones, e.g. bones healing after a fracture or after an osteotomy, 
will be reduced. 

These and other objects are achieved by the invention. 
BRIEF SUMMARY OF THE INVENTION 

The invention relates to a method of measuring the strength of a bone, in particular a 
bone healing after a fracture or an osteotomy which has been performed in order to 
extend, reduce or alter the angle of the bone, whereby external fastening means are 
attached onto the bone in at least two locations, whereby the external fastening 
means are provided with means for detection and/or measurement of relative dis- 
placement between the at least two external fastening means, whereby the bone is 
subject to strain, and whereby corresponding measurements and/or detections are 



made of the relative displacement by contactless measurement of and/or detection 
means. 

Hereby, a measurement is made which will provide a more accurate assessment of 
the strength and/or stiffness of a bone as the measuring arrangements will not have 
any influence on the result of the measurements, e.g. the measuring arrangements 
will not contribute to the stiffness of the structure, i.e. the bone or bones subject to 
the measurements. Further, the contactless measuring arrangement will allow in- 
creased flexibility when setting up the arrangement and also allow measurements to 
be performed in more than one dimension. 

Measurement and/or detection of the relative displacement may comprise measure- 
ment and/or detection of a relative longitudinal displacement, a relative rotational 
displacement and/or a relative angular displacement. Hereby, measurements may be 
made of any deformations induced by any given force or load placed on the bone. 

The external fastening means may be part of external fixing means for supporting the 
bone. Hereby, a flexible and convenient way of obtaining measurements is achieved 
which are necessary for evaluating the healing state of a bone as fastening means 
already attached onto the patient may be used when performing the method. 

The bone is subjected to strain, preferably by the patient, and the strain is measured, 
detected and/or visualized. Hereby, deformations may be induced in a convenient 
manner and the cause of the deformations be documented. 

The corresponding measurements and/or detections of the relative displacement and 
strain on the bone may be correlated and/or recorded, whereby a comparison of the 
deformations and the causes may be made, whereby an assessment of the strength of 
the bone may be conveniently performed. 

The invention also concerns a method which relates to the measurement of the 
strength of a bone, in particular a bone healing after a fracture or after an osteotomy, 



8 

whereby external fastening means are attached onto the bone in at least two loca- 
tions, whereby the external fastening means are provided with means for detection 
and/or measurement of relative displacement between the at least two external fas- 
tening means, whereby the bone is subjected to strain, and whereby corresponding 
measurements and/or detections are made of the relative displacement in at least two 
dimensions of the strain on the bone. 



Hereby, a method is achieved which will provide a more accurate assessment of the 
strength and/or stiffness of a bone as the measuring arrangements will allow meas- 
urements to be performed in more than one dimension providing improved meas- 
urements of the induced deformations that those of prior art methods. 

The measurement and/or detection of the relative displacement may comprise meas- 
urement and/or detection of a relative longitudinal displacement, a relative rotational 
displacement and/or a relative angular displacement. Hereby, measurements may be 
made of any deformations induced by any given force or load placed on the bone. 

The external fastening means may be part of external fixing means for supporting the 
bone. Hereby, a flexible and convenient way of obtaining the measurements neces- 
sary for evaluating the healing state of a bone is achieved as fastening means already 
attached onto the patient may be used when applying the method. 

The bone may be subjected to strain by the patient and the strain may be measured, 
detected and/or visualized. Hereby, deformations may be induced in a convenient 
manner and the cause of the deformations be documented. 

The corresponding measurements and/or detections of the relative displacement and 
the strain on the bone may be correlated and/or recorded, whereby a comparison of 
the deformations and the causes may be made, whereby an assessment of the strength 
of the bone may be conveniently performed. 
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Further, the invention relates to an apparatus for measurement of the strength of a 
bone, in particular a bone having a healing osteotomy or a healing bone fracture, the 
apparatus comprising external fastening means for connection to the bone in at least 
two locations, the external fastening means being provided with means for detection 
5 and/or measurement of relative displacement by contactless measurement and/or 
detection means between the at least two external fastening means. 



Hereby, an apparatus is provided whereby a measurement is made which will pro- 
vide a more accurate assessment of the strength and/or stiffness of a bone as the 
■gj 10 measuring arrangements will not have any influence on the result of the measure- 

§3 ments, e.g. the measuring arrangements will not contribute to the stiffeess of the 

: m structure, i.e. the bone or bones subject to the measurements. Further, the contactless 

W • ■ measuring arrangement will allow increased flexibility when setting up the arrange- 

"m ment and allow measurements to be performed in more than one dimension by the 



15 apparatus. 

The apparatus is provided with means for measurement and/or detection of induced 
gj strain on the bone. Hereby, the cause of the deformations may be readily documented 
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and utilized in connection with the assessment of the bone strength. 

The apparatus may be provided with means for correlating the measurements and/or 
detections of relative displacement and strain, whereby a comparison of the deforma- 
tions and the causes may be made by the apparatus, whereby an assessment of the 
strength of the bone may be conveniently performed on the basis hereof. 
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The means for contactless measurement and/or detection of relative displacement 
between the at least two external fastening means may facilitate measurement and/or 
detection of a relative longitudinal displacement, a relative rotational displacement 
and/or a relative angular displacement. Hereby, measurements may be made of any 
30 deformations induced by any given force or load placed on the bone. 
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The external fastening means may be part of external fixing means for supporting the 
bone. Hereby, an apparatus according to this embodiment may be utilized in a flexi- 
ble and convenient way to obtain the measurements necessary for assessing the heal- 
ing state of a bone as fastening means already attached onto the patient may be used 
in connection with or as part of the apparatus. 

The apparatus is provided with means for supporting one or both ends of a limb, for 
positioning one end of a limb and/or for transferring force to/from the limb to/from 
measuring means. Hereby, the patient may exert the load or force necessary to induce 
the deformations of the bone or bones. The weight of a limb alone may constitute a 
load or the patient may place more or less bodyweight on the limb. When one end of 
the limb is positioned, preferably by a bracket or similar means, the patient may exert 
force on the bone in any other direction than the vertical direction, e.g. horizontal 
direction, attempting to twist the bone etc., whereby more varied deformations may 
be induced. 

The apparatus may comprise means for indicating, visualizing and/or recording the 
measured and/or detected strain. Hereby, the cause of the deformations may be 
documented by the apparatus, whereby an assessment of the strength of the bone 
may be performed by a skilled user. 

The apparatus may preferably comprise means for indicating, visualizing and/or re- 
cording the measured and/or detected relative displacement, whereby the result of the 
measurements may be used for immediate or subsequent assessments. 

The invention further relates to an apparatus for measurement of the strength of a 
bone, in particular a bone having a healing osteotomy or a healing bone fracture, the 
apparatus comprising external fastening means for connection to the bone in at least 
two locations, the external fastening means being provided with means for detection 
and/or measurement of relative displacement in at least two dimensions between the 
at least two external fastening means, and the apparatus being provided with means 
for measurement and/or detection of an induced strain on the bone. 
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Hereby, an apparatus is provided by means of which a more accurate assessment of 
the strength and/or stiffness of a bone may be performed as the measuring arrange- 
ments of the apparatus will facilitate measurements in more than one dimension and 
thus provide improved measurements of the induced deformations than those of prior 
art apparatuses. 

The apparatus may be provided with means for correlating the measurements and/or 
detections of relative displacement and strain, whereby a comparison of the deforma- 
tions and the causes may be provided by the apparatus, whereby an assessment of the 
strength of the bone may be conveniently performed by a skilled person, e.g. a physi- 
cian. 

The means for detection and/or measurement of relative displacement in at least two 
dimensions between the at least two external fastening means may facilitate meas- 
urement and/or detection of a relative longitudinal displacement, a relative rotational 
displacement and/or a relative angular displacement. Hereby, measurements may be 
made of any deformations induced by any given force or load placed on the bone. 
The means for detection and/or measurement of relative displacement in at least two 
dimensions may be configured as mechanical measuring means, e.g. slide gauges or 
other similar means connected to the two external fastening means in such a manner 
that measurements may be made in two or more dimensions. 

The external fastening means may be part of external fixing means for supporting the 
bone. Hereby, an apparatus according to this embodiment may be utilized in a flexi- 
ble and convenient way to obtain the measurements necessary for assessing the heal- 
ing state of a bone as fastening means already attached onto the patient may be used 
in connection with or as part of the apparatus. 

The apparatus may be provided with means for supporting one or both ends of a 
limb, for positioning one end of a limb and/or for transferring force to/from the limb 
to/from measuring means. Hereby, the patient may exert the load or force necessary 
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to induce the deformations of the bone or bones. The weight of a limb may constitute 
a load alone or the patient may place more or less bodyweight on the limb. When one 
end of the limb is positioned, preferably by a bracket or similar means, the patient 
may exert a force on the bone in any other direction than the vertical direction, e.g. 
horizontal direction, attempting to twist the bone etc., whereby more varied deforma- 
tions may be induced. 

The apparatus may comprise means for indicating, visualizing and/or recording the 
measured and/or detected strain. Hereby, the cause of the deformations may be 
documented by the apparatus, whereby an assessment of the strength of the bone 
may be performed by a skilled user. 

The apparatus may comprise means for indicating, visualizing and/or recording the 
measured and/or detected relative displacement, whereby the result of the measure- 
ments may be used for immediate or subsequent assessments. 

Finally, the invention also pertains to an external fixation device which relates to an 
external fixator for supporting a bone, e.g. a bone in a limb of an animal or a human 
being, the fixator comprising means for fastening onto the bone in at least two loca- 
tions and connecting means for providing a preferably adjustable connection between 
the fastening means, wherein the connection means are replaceable and wherein 
measurement and/or detection means for detection and/or measurement of relative 
displacement between the at least two external fastening means are attachable to the 
at least two external fastening means. 

Hereby, a fixator for supporting a bone or bones is provided which may also serve as 
fastening means when performing measurements of the flexibility of the bone. Thus, 
the measurements and hence the assessment of the healing state of the bone may be 
performed in a expedient manner when a fixator according to the invention is util- 
ized. 
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The measurement and/or detection means for detection and/or measurement of rela- 
tive displacement between the at least two external fastening means are contactless. 
Hereby, a measurement may be made which will provide a more accurate assessment 
of the strength and/or stiffness of a bone, as the measuring arrangements will not 
have any influence on the result of the measurements, e.g. the measuring arrange- 
ments will not contribute to the stiffness of the structure, i.e. the bone or bones sub- 
ject to the measurements. Further, the contactless measuring arrangement will allow 
increased flexibility when setting up the arrangement and also allow measurements 
to be performed in more than one dimension. 



The measurement and/or detection means for detection and/or measurement of rela- 
tive displacement between the at least two external fastening means may be config- 
ured for detection and/or measurement of relative displacement in at least two di- 
mensions. Hereby, a more accurate assessment of the strength and/or stiffness of a 
bone may be performed as the measuring arrangements will allow measurements to 
be performed in more than one dimension and provide better measurements of the 
induced deformations than those of prior art systems. The means for detection and/or 
measurement of relative displacement in at least two dimensions may be configured 
as mechanical measuring means, e.g. slide gauges or other similar means connected 
to the two external fastening means in such a manner that measurements may be 
made in two or more dimensions. Other measuring means than purely mechanical 
ones may be used as well. 



The at least two external fastening means may each comprise or be connected to a 
structural member which surrounds the body part containing the bone at least partly, 
the preferably adjustable connection between the fastening means being connected to 
the structural members. Hereby, the fastening means may constitute a firm connec- 
tion for attachment of the measurement and/or detection means. 



structural members may comprise separate and/or relatively movable parts 
h may be joined and/or adjusted in order to surround a limb at least partly. 



14 



Hereby, the structural members may be used flexibly as they may be adjusted in rela- 
tion to the actual use as the structural members may be easily attached and removed. 

The connection means comprises one, two, three, four or more connecting rods 
which may preferably be adjustably placed between the at least two fastening means. 
Hereby, a versatile fixator is achieved which may be used in a wide number of appli- 
cations. 

The measurement and/or detection means for detection and/or measurement of rela- 
tive displacement between the at least two external fastening means are attachable to 
the structural members forming part of or being connected to the at least two external 
fastening means. Hereby, the fastening means may conveniently be fastened onto 
appropriate places, e.g. the front of the bone, the side etc., and provide a firm connec- 
tion. 



The measurement and/or detection means for detection and/or measurement of rela- 
tive displacement may be connected to the at least two external fastening means 
and/or the corresponding structural members by means which also serve as fixation 
means for the preferably adjustable connection between the fastening means. Hereby, 
the fastening of the measurement and/or detection means may be performed in a sur- 
prisingly simple manner and by means of a minimum of technical means. 

The measurement and/or detection means for detection and/or measurement of rela- 
tive displacement may comprise electrical, magnetic or electromagnetic measure- 
ment and/or detection means. Hereby, the fixator may be flexibly used in connection 
with a number of different measuring arrangements selected according to actual use, 
actual measurement, and/or processing arrangements and/or other preferences. 

The measurement and/or detection means for detection and/or measurement of rela- 
tive displacement may comprise optical measurement and/or detection means, for 
example in the form of digital video cameras or light emitting devices such as for 
example LEDs. Hereby, an advantageous measuring arrangement is achieved which 
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is relatively easy to install and use and which facilitates effortless use also by person 
without any particular technical skills. 

The measurement and/or detection means for detection and/or measurement of rela- 
tive displacement may comprise one or more measurement and/or detection means. 

The measurement and/or detection means for detection and/or measurement of rela- 
tive displacement in at least two dimensions comprise two or more measurement 
and/or detection means placed at a circumferential distance, e.g. in relation to an axis 
of the bone, whereby the accuracy of the measurements may be enhanced and hence 
also the accuracy of the assessment of the strength of the bone and consequently the 
healing state of the bone. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be described below with reference to the drawings of which 

Fig. 1 illustrates a bone separated in two parts and deformations of this bone 

schematically, 

Fig. 2 shows a fixation device attached onto the lower leg of a human being, 

Fig. 3 illustrates the fixation device shown in Fig. 3 with deformation measur- 

ing means attached, 
Fig. 4 shows an alternative deformation measuring arrangement, and 

Fig. 5 shows a block diagram illustrating the signal processing according to a 

further embodiment of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Fig. 1 illustrates a bone 10, for example a bone of a human being. This bone 10 has 
been separated in two parts 10a and 10b, for example a proximal part 10a and a distal 
part 10b. The separation may be due to a fracture or to an osteotomy operation. Dur- 
ing healing, the bone will flex at the place of separation when exposed to stress. The 
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flexing may be illustrated by the two bone part vectors 1 la and 1 lb, extending from 
an origin 12a and 12b, respectively. The direction of these vectors represents axes of 
the bone parts 10a and 10b, e.g. local bone axes and not necessarily an axis of the 
bone 10. 

Obviously, the bone parts 10a and 10b will move longitudinally when exposed to 
stress. For example, the bone parts will move towards each other when subjected to 
an at least partly longitudinal force, whereby the healing part of the bone will be 
compressed. This will be indicated by a reduction of the distance 13 between the 
origins 12a and 12b of the bone part vectors 1 la and 1 lb, respectively. 

Further, application of force and/or momentum to the bone 10 may induce a relative 
rotational movement of the two bone parts 10a and 10b, which is illustrated by a vec- 
tor 14a and a vector 14b, extending from the origins 1 la and 1 lb, respectively. These 
vectors 14a and 14b may extend at right angles from the bone part vectors 11a and 
1 lb, respectively, and/or they may extend in one and the same direction, preferably 
in a direction perpendicular to one or both of the bone part vectors 1 la and 1 lb. 

In an unstrained situation, these vectors extend in a reference direction, illustrated by 
the punctuated lines 15a and 15b, respectively. As one or both of the bone parts may 
be rotated when strained, angles 16a and 16b between the vector 14a and the refer- 
ence direction 15a and between the vector 14b and the reference direction 15b re- 
spectively, serve to indicate the rotational movement of the bone parts 10a and 10b 
and hence also the relative rotational displacement of the bone parts. 

Finally, application offeree arid/or momentum to the bone 10 may induce an angular 
displacement of the bone parts 10a and 10b and hence the bone part vectors 11a and 
1 lb, causing a change of direction of the bone part vectors. These angles may be 
indicated by the angle of the bone part vectors in relation to a reference direction, or 
by the angle of the vectors 14a and 14b, respectively, in relation to a reference direc- 
tion (not shown) in a plane defined by the bone part vector 11a and the vector 14a 
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and/or the bone part vector lib and the vector 14b. As will be explained later, the 
latter of these two methods will be preferable in connection with the invention. 



When determining the strength or stiffness of a bone, and in particular a healing 
bone, it is desirable to be able to determine all the above-defined relative movements, 
e.g. the change in distance 13, the change in difference between the angles 16a and 
16b and the relative change of direction of the bone part vectors 1 la and 1 lb when 
forces and/or torques may be exerted on a bone, an assembly of bones and/or a limb. 

The invention will now be explained further by reference to an external holder or 
fixator as illustrated in Fig. 2. This holder may be used to support a fractured bone 
while healing or, as illustrated, for a leg 20 on which an osteotomy is performed in 
order to extend, reduce or alter the angle of the bone, and to support the bones during 
the healing process. The external fixator may be unilateral, e.g. support by only one 
axial supporting bar or rod, semicircular, e.g. support of half a circle surrounding the 
bone, or circular, e.g. support is essentially circumferentially. 

In Fig. 2, the use of the external fixator is illustrated in connection with the lower leg 
of a human being, but the fixator may obviously also be used in connection with 
other limbs and/or bones if appropriately modified. Further, an external fixator may 
be used in connection with animals as well as human beings. 

The fixator comprises a number of ring-shaped structural members 21, 22, 26 and 27. 
The upper ring-shaped member is attached onto one or both bones, the tibia 29 and 
the fibula 28, of the lower leg by bone pins, bone screws, bone rods or as shown by 
bone wires 23 connected to the ring-shaped member 21 by connectors 24 and 25. The 
connectors 24 and 25 allow the bone wire to be fastened onto the ring-shaped mem- 
ber 23 with sufficient tensile strength to assure a rigid connection between the ring- 
shaped member 21 and the bone or bones 29 and 28. 

The ring-shaped member 22 is similarly connected to one or both of the bones 28 and 
29 by wires 23 and connectors 24 and 25. The lower ring-shaped members 26 and 27 



18 



are fastened onto the lower part of one or both of the bones 29 and 28 in the same 
fashion. 

The upper ring-shaped members 21 and 22 are located above the healing sites 29a 
and 28a of the tibia 29 and the fibula 28, respectively, and the lower ring-shaped 
members are located below the healing sites 29a and 28a. Connecting means 30 in 
the form of connecting rods are placed between the ring-shaped members in order to 
support the bones, i.e. the leg. The connecting rods are threaded, at least at the ends, 
whereby they can be connected to the ring-shaped members by nuts. Longer connect- 
ing rods 30a are located between the ring-shaped members 22 and 27 and shorter 
connecting rods 30b are located between the ring-shaped members 21 and 22 and the 
ring-shaped members 26 and 27. 

As the connecting rods are threaded, the distance between the ring-shaped members 
can be adjusted. The distance between the ring-shaped members 21 and 22 and the 
ring-shaped members 26 and 27, respectively, can be adjusted in dependency of the 
actual placing of the corresponding bone wires 23. The distance between ring-shaped 
members 22 and 27 can be adjusted by the connecting rods 30a in order to fixate the 
bone parts appropriately in relation to each other. 

When the fixator is used in connection with a leg with a (simple) fracture, the fixator 
can be adjusted to achieve the natural relations between the bone parts, after which 
the relationship is maintained until the fracture site has healed sufficiently. 

When the fixator is used in connection with a more complex fracture or in connec- 
tion with a bone extension/reduction/re-angling, the connecting rods 30a are initially 
adjusted to define an appropriate distance between the bone ends, i.e. the fractured 
bone ends or the separated bone ends, whereby a healing process, e.g. a bone mass 
producing process, will begin. Once the healing has started, i.e. the production of 
bone mass, and has reached a certain stage, the connecting rods 30a can be adjusted 
to pull the bone ends further apart, whereby the healing process will proceed and 
produce bone mass in the now intermediate space between the bone parts. This may 
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be repeated until the desired length of the bone or bones has been achieved. A con- 
solidation of the healing site will then have to take place, after which the fixator may 
be loosened and/or eventually permanently removed. 

The stage of the healing process, e.g. the stiffness or strength of the healing fracture 
site, can be determined as shown in Fig. 3. This figure corresponds to Fig. 2. How- 
ever, the connecting rods 30a of the fixating device have been loosened (in the early 
stages of the healing process) or removed, leaving the leg and the bones 29 and 28 
unsupported or partially unsupported. A number of light emitting devices such as for 
example light emitting diodes (LEDs) 31 has been placed on one of the upper ring- 
shaped members 22. These LEDs are each mounted at one end of a fixture 32, which 
has attachment means 33 at the other end by which it is connected to the ring-shaped 
member 22, for example by through-holes in the ring-shaped member. 

Correspondingly, a bracket has been mounted on one of the lower ring-shaped mem- 
bers 27. The bracket comprises a number of rods 35 which are attached by clamping 
means 37 to the ring-shaped member 27 at the lower ends, for example by bolt and 
nut. At the upper end of the rods 35, a ring-shaped support has been mounted, and a 
number of mini-cameras 34 have been placed on the support 35 and/or the rods 35. 
The cameras, which may be digital video cameras such as USB-cameras, are placed 
in such a maimer that they are located in the proximity of the light emitting devices 
31. 

When a load, a force and/or a torque is exerted upon the leg 20, the bones will be 
able to flex freely, as the connecting rods have been removed. This flexing will be 
transferred to corresponding movements of the ring-shaped members 21 and 27 and 
hence also the light emitting devices 31 and the cameras 34. By reference to Fig. 1 
and the corresponding explanation, it is evident that the relative movements of the 
light emitting devices 31 and the cameras 34 will provide a full and complete picture 
of the flexing of the bones in all possible dimensions, and when correlated with the 
load or force placed onto the bone or bones also on the strength of the healing struc- 
ture, as will be explained at a later point. 
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For example, an axial deformation will be determined by a vertical change of the 
position of the image of the light-emitting device 3 1 on the corresponding camera 34. 
A rotational flexing will be determined by a horizontal change of the position of the 
image of the light-emitting device 31 on the corresponding camera 34, and as more 
than one LED/camera arrangement is used, in the example four, a bend, e.g. an angu- 
lar flexing of the bone, will be detected by a difference in the changes of the posi- 
tions of the image of the light-emitting device 31 on the corresponding camera 34. It 
is evident that more than two camera/LED-arrangements of this particular configura- 
tion placed at different locations may be necessary to achieve this. However, only 
one camera/light emitting arrangement will suffice to provide a measurement of the 
deformations in two or more dimensions as will be described at a later point. Proc- 
essing of the signals or results from the cameras 34 is necessary in order to obtain 
results indicating the actual one, two or three-dimensional flexing move- 
ments/deformations. Such processing methods are known to persons skilled in the art 
and will not be described in detail. 

Figure 3 shows that four camera/LED-arrangements may be used and evenly distrib- 
uted on the circular ring-shaped support 36, e.g. with an angle interval of 90°. Other 
configurations obvious to a skilled person may be used as well, and additional cam- 
era/LED-arrangements maybe used, e.g. two, three, four, five etc. 

Further, it is obvious that the LED-arrangements 32, 33, 34 and the camera arrange- 
ments 34, 35, 36, 37 may be configured as units which may be attached onto the cor- 
responding ring-shaped members 22 and 27 as units whereby the placing of the 
measuring arrangements may be performed in an easy and fast manner. 

Fig. 3 illustrates the foot of the patient being placed on a force plate 38 in order to 
determine the load or force, which is exerted on the leg/bone/bones. This force plate 
38 may be constituted by a simple weight, a weight cell or other suitable means. Fur- 
ther arrangements may be configured to measure or determine other forces than sub- 
stantially vertical forces, e.g. horizontal forces, or torques exerted on the leg. These 
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arrangements may comprise a bracket or similar means (not illustrated) connected to 
measurement and/or detection means. For example, these means may be arranged to 
transfer forces exerted by the patient to the weight cell or other measuring means 
arranged to measure the vertical forces, whereby these means may also be used to 
measure or indicate non-vertical loads or forces. Hereby, the patient may be able to 
exert a twisting torque on the leg, e.g. by attempting to turn his foot. The force in e.g. 
horizontal direction exerted by the foot may then be measured or detected by the 
measuring means related to the bracket. Further, the patient may exert bending force 
on the leg by attempting to push the foot forward, backwards or sideways, whereby 
the force may be measured or detected by the measuring arrangements in a similar 
manner. 

The force exerted by a patient attempting to turn or twist his foot may also be deter- 
mined by using for example a electromotor, e.g. an electrodynamic motor, arranged 
axially beneath the support. When the patient attempts to turn his foot, this will have 
to be done against a torque exerted by the motor. The torque can be determined, as 
will be obvious to a skilled person, by knowledge of the motor characteristics and by 
determining the motor current. Further, the maximum torque may be controlled by 
controlling the motor current, whereby it can be avoided that the patient may place 
an excessively large load on the bone, as the motor will just allow further turning 
when the maximum torque has been reached. 

Other safety means may be provided, e.g. audible or visible alarm means which will 
indicate to the patient and/or to the physician that a certain level of force has been 
reached which may harm the healing bone. The maximum level or levels of force 
may be selected and/or adjusted by the physician on the basis of the knowledge of 
the patient, the state of healing, former tests etc., whereby refractures and other harm 
to the patient and the healing bone/bones may be avoided. The audible or visible 
alarm means may also serve to indicate the actual level of force, for example by a 
frequency increase once the level offeree exerted by the patient increases. 

Other measuring means obvious to a person skilled in the art may also be utilized. 
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Another arrangement for measuring the relative flexing movements, e.g. the defor- 
mation of a bone, is illustrated in Fig. 4. In this figure, only two ring-shaped struc- 
tural members 22 and 27 of the fixating device are, of course, fixed onto a bone as 
described in connection with Figs. 2 and 3 are described. On one on these ring- 
shaped members 22 in the example, a camera 41 is placed and points towards the 
other ring-shaped member 27 in the example. On this ring-shaped member 27, a ref- 
erence device 42, which must be placed in such a manner that it will be in the vision 
field of the camera 41 in an unstrained situation of the bone, is placed in a similar 
manner. 



The reference device 42 comprises a number of indicator elements in the form of 
light emitting diodes (LEDs) 43 for positioning the reference device 42 in the right 
position in relation to the camera 41. These LEDs 43 are placed in a particular pat- 
tern, e.g. in parallel rows and columns as illustrated, in order to facilitate the adjust- 
ment and positioning of the reference device 42 and/or the camera 41 . 

Further, the reference device 42 comprises a number of indicator elements in the 
form of light emitting diodes (LEDs) 44 for detecting the relative movements, i.e. 
deformations of the bone. These LEDs 44 are placed opposite a mirror 45 which is 
placed at an angle of for example 45° in relation to the plane at which the LEDs 44 
are positioned. By this arrangement, deformations of the bone in one, two or three 
dimensions can be detected and measured. For example, axial deformation can be 
detected as the distance between the LEDs 44 is known, whereby relative axial 
movements may be determined by processing the corresponding video images, e.g. 
the distances on the images. Further, rotational movements can be detected and 
measured as the initial positions of the reference device 42 and the LEDs 44 are 
known in the unrestrained situation. The angular movements can be detected and 
measured as the mirror 45 is involved, whereby the distance on the image between 
the rows and/or columns of LEDs 44 will change, i.e. the image of the distance be- 
tween two rows will be larger in one end than in the other end and vice versa, when a 
tilt between the two ring-shaped members 22 and 27 is involved. Evidently, process- 
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ing of the measurements from the camera 41 has to be performed in order to achieve 
values for the deformations of the bone/bones. Such processing may be performed in 
a number of ways which will be known to person skilled in the art. 

Fig. 4 shows only one set of cameras with a reference device by which it will be pos- 
sible to determine the deformations of a bone. More than one set of cameras and a 
reference device may be utilized whereby the accuracy of the determined or meas- 
ured deformations may be improved. 

Instead of light emitting diodes, other indicating means may be utilized, for example 
strongly colored spots, light reflecting means etc. as the purpose is to define refer- 
ence points detectable to the camera 41 . 

The mirror 45 may be placed at other angles than the illustrated 45°, whereby corre- 
sponding alterations to the configuration may have to be performed, however. 

Other means of arranging the light emitting devices may be utilized, for example a 
number of light emitting devices arranged in two levels in order to provide the neces- 
sary information to the camera. Further, additional cameras such as two, three or 
more, may be provided and correspond to a light emitting device arrangement, 
whereby the necessary information concerning the deformation in two or more di- 
mensions may be provided. 

Fig. 5 shows a block diagram illustrating an embodiment of the method and appara- 
tus, whereby the deformations of a bone, and in particular a healing bone, can be 
determined and whereby the strength and/or the state of healing can be determined. 

The signals 51a - 5 In from a number of sets of measuring arrangements comprising 
for example video cameras as measurement tools are led to a processing unit 52, 
wherein the signals are processed in order to determine actual deformations and/or 
values corresponding to such deformations. When the measuring arrangement is con- 
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figured as described in connection with Fig. 3, at least two measuring arrangements 
are required while an arrangement as described in connection with Fig. 4 may work 
satisfactorily with only one measuring arrangement. 

The processing unit 52 may be connected to a indicating device 53, for example a 
scale, on which the patient and/or the physician may observe the magnitude of the 
resulting deformations. Further, the signals 57 from the processing unit 52 are led to 
a further processing unit 59 which will be described later. 

Signals 54a - 54m, for example signals from a weight cell, a force measuring device, 
a torque measuring device etc., are led to a force signal processing unit 55. This unit 
may be connected to a force indicator 56, for example in the form of a scale, which 
allows the patient and/or the physician to observe the force and the load placed on 
the bone by the patient, for example. Hereby, it may be avoided that an excessive 
load or force is exerted on the healing bone or bones. The force signal processing 
unit 55 may process the incoming signals to calculate the actual force which acts on 
the bone or bones and may indicate this force in normalized and/or standardized val- 
ues, e.g. the vertical force, horizontal force, force in a forward direction etc. The re- 
sulting signals 58 from the force signal processing unit 55 are led to the additional 
processing unit 59 which serves to correlate the measured and/or detected deforma- 
tions with the load or force exerted on the bone or bones. The results 60 hereof may 
be indicated on a display (not shown), for example in graphical form or as tables, 
or/and they may be printed. Further, the results may be stored by means of a storing 
unit 61, whereby the results may be used in connection with testing of the healing 
state of bones on other patients, on different bones of the same patient, or in connec- 
tion with subsequent testing of the same bone or bones of the same patient. Further, 
the test results may be used as e.g. statistical data in connection with improvements 
of methods for assessing the healing state of bones. 
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Method of Measuring Bone Strength, Apparatus For Measuring Bone 
Strength and Fixation Device 



Field of the invention 



The invention relates to a method of measuring the strength or stiffness of a bone, an 
apparatus for measuring the strength or stiffness of a bone and an external fixator for 
supporting a bone. 

Background of the invention 



When a bone, for example a bone in a limb of an animal or a human being, is healing 
after a fracture, it is known to support such a bone with an external holding device 
called a fixation device or a fixator. Such a fixator serves to fixate the ends of the 
bone in relation to each other as well as to carry the load or part of the load which a 
patient may have to place on the bone during the healing process. 

Further, it is known to use such a fixator when extending the length of a bone. This is 
done by performing an osteotomy, i.e. by performing a substantially transversal cut 
in the bone, by preferably gradually pulling the ends of the bone apart at a predeter- 
mined and limited distance and by fixating the ends of the bone adjacently to each 
other. Hereby, the space between the ends of the bone will gradually be filled with 
new bone material, after which the ends of the bone may be pulled apart once again 
in order to increase the length of the bone even further. Eventually, when the bone 
has reached the required length and developed the necessary strength and stiffness, 
the external fixating device, the fixator, which may be unilateral, semicircular or cir- 
cular, may be removed. 



In order to determine the right time for removal of the fixator during a healing proc- 
ess and/or during a revalidation process, it is known to evaluate the consolidation of 
the fracture or the osteotomy by using radiography, e.g. x-ray-technology, DEXA 
(dual or double energy x-ray absorption), CT-scanning, or other similar methods 
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such as ultrasound, other scanning methods etc. However, these methods rely on the 
assessment skills and experience of the person or persons, e.g. the physician or the 
surgeon, using the method. Thus, an accurate and objective determination can not be 
made by using this method. Further, it is known to perform a purely physical exami- 
5 nation in order to determine the strength or stiffness of a healing bone, e.g. by having 
the physician grab the limb and physically try to flex, bend and/or twist the limb in 
order to assess the state of healing. Of course, this is based solely on the assessment 
skills and experience of the person or persons, e.g. the physician, carrying out the 
examination. 

10 

In this context, it is understood that the terms stiffness and strength of a bone will 
refer to the same physical parameter of a bone, e.g. the resistance to deformation 
once a force or load is placed on the bone. 

15 Further, it is known to detect or measure the deformation of a part using a fixator, 
when a load is placed on the assembly of the bone and the fixator. 

An example of this is described in US 5,792,076, which relates to a fixation device 
having an elongated optical fiber. The fixation device is affixed to a patient's bone 

20 by pins attached to a fixation bar. The fixation bar comprises the elongated optical 
fiber and light is transmitted through the optical fiber to an exit point where the in- 
tensity is measured. As the bone fracture is gradually healing, the load, e.g. the 
weight or part of the weight of the patient, will gradually be transferred from the 
fixation bar to the bone of the patient, giving rise to a change in the intensity of the 

25 transmitted light. Thus, a physician will be able to assess when the fracture has fully 
healed by observing the change in the light intensity. 

This method, however, suffers from the disadvantage that the fixation bar is an inte- 
gral part of the system of which the strength is evaluated. Thus, the result of the as- 
30 sessments will not necessarily provide a true picture of the strength of the bone. Fur- 
ther, the assessment is given of a deformation of the fixation bar which is mounted 
unilaterally. Thus, the deformation of the bone in other dimensions will not be evalu- 



ated by this method. Further, in many cases, a fractured bone will have one or more 
neighboring bones, for example in a lower arm or in a lower leg, which means that 
when a limb is subjected to a certain load or a strain, this load or strain will be dissi- 
pated on the bones in the limb and possibly also on any fixation devices used. Thus, 
the load, force or strain placed on the fractured bone will be difficult to determine on 
the basis of the load placed on the limb, and the deformation of the bone and the limb 
will depend on the assembly as a whole. Thus, for example, a load on a limb in an 
axial direction may of course result in an axial deformation of the fracture bone, but 
it may also result in an angular deformation, e.g. a twisting motion, and a bending 
deformation. 

It is also known to use means for measuring or detecting the strain and/or deforma- 
tion of the bone, wherein said means is attached to the bone or the limb. 

An example of such a method is described in EP 0 324 279 Al, wherein the bending 
of e.g. a lower leg having a healing fracture is measured by means of a goniometer. 
Bone pins are placed on each side of the fracture site, and a goniometer is attached to 
these pins and positioned substantially parallelly with the axis of the bone. The de- 
formation, i.e. the bending of the bone, is measured while simultaneously applying 
force to the bone of the patient. This force, which may be constituted by the weight 
of the limb, e.g. the lower leg, may be measured by a scale placed under one end of 
the limb, e.g. under the heel of the patient. 

Another example of such a system is described in US 5,339,533. 

Both systems also suffer from the disadvantages described above with the exception 
of the fixation bar which is not applied in these systems when determining the 
strength of the bone. However, by using these systems, only the bending deformation 
of the bone will be determined. Thus, the true strength of the bone will not be evalu- 
ated. 
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A further prior art fixation device is described in WO 98/00062. This fixation device 
has two ring-shaped members attached to a fractured bone by pins on each side of the 
fracture. The two ring-shaped members are connected to each other by connecting 
studs in order to support the bone. One of the ring members comprises a first and a 
5 second element which may be rotated in relation to each other. The first element car- 
ries the connecting studs while the second element is connected to the pins. The two 
elements may be rotated in relation to each other when a force is exerted on the bone, 
i.e. the healing fracture, via one of the elements whereby the two bone parts will be 
subject to a torque attempting to twist the two bone parts in relation to each other. 
|j 10 The extent of the movement, e.g. the angle, and the exerted force corresponding to 

CI the torque, may be measured in order to obtain values reflecting the strength of the 

gj bone. 

i 

■ hp ■ 

II By this system, only the torsional strength of the bone, e.g. the healing bone, may be 

L 15 determined which may not provide a true picture of the strength of the healing bone, 

hi 

y e.g. the state of healing, as the resistance to axial deformation and bending deforma- 

.{y tion will not be detected and these resistances may not be proportional to the resis- 

Cl tance of a torsional force. Thus, the true state of the healing process and the true 

strength of the bone, e.g. the healing bone fracture, may not be determined by this 
20 method. 

The prior art methods and systems for determining the strength or stiffness of a heal- 
ing bone generally suffer from the drawback that the strength of the healing bone 
will not be determined with the required accuracy. Thus, the optimal time for re- 
25 moval of a fixation device cannot be determined by using these methods and sys- 
tems. 

When trying to decide when a healing bone, e.g. a bone healing after a fracture or 
after an ostetomy performed in order to increase, reduce or alter the angling of the 
30 bone, has gained sufficient strength to allow a fixation device, e.g. an external fixa- 
tion device to be loosened or removed, it is important to find the optimal or nearly 
optimal time for loosening or removal. 
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If the fixation device is removed too soon, the healing bone may be refractured, 
whereby the patient will suffer additional discomfort and possibly complications in 
the healing process. Hereby, the healing period will be extended and the health ser- 
vice as well as society in general will have to spend unnecessary resources, e.g. loss 
of work, occupation of hospital resources etc., and the patient will suffer from addi- 
tional discomfort and loss of income. 

Therefore, there has been a tendency to extend the period of which a fixation device 
is used until it is safe to assume that a refracture will not occur. This tendency is en- 
hanced by the fact that existing methods of determining the state of a healing bone 
involve some inaccuracies. Consequently, in most cases, the fixation device is left on 
the patient for a longer period of time than is necessary in order to ensure that a re- 
fracture will not occur. 

As the healing process has proven to be accelerated when the fracture is subjected to 
normal or near-normal load situations as soon as it is deemed safe, the healing proc- 
ess as a whole is reduced. However, as there is a tendency to maintain the healing 
bone supported by the fixator longer than strictly necessary in order to be on the safe 
side, this will extend the healing and revalidation time leading to unnecessary re- 
source spending, loss of work, unnecessary occupation of hospital and medical re- 
sources, loss of income, prolonged discomfort of the patient etc. 

Thus, it is an object of the invention to provide an improved method of determining 
the strength or stiffness of a bone, and in particular a healing bone. A further object 
of the invention is to provide a method of determining the strength of a bone, and in 
particular a healing bone, whereby the strength of the bone may be determined with 
improved accuracy, whereby an improved method of determining the time for re- 
moval of a holding device, and in particular an external holding device, may be pro- 
vided. 



Another object of the invention is to provide an improved apparatus for determining 
the strength or stiffness of a bone, and in particular a healing bone. A still further 
object of the invention is to provide an apparatus for determining the strength or 
stiffness of a bone, and in particular a healing bone, whereby the strength or stiffness 
of the bone may be determined with improved accuracy, whereby an improved 
method of determining the time for removal of a holding device, and in particular an 
external holding device, maybe provided. 

It is also an object of the invention to provide a fixation device for a healing bone, 
whereby the fixation device will facilitate improved determination of the strength or 
stiffness of the bone, e.g. the healing bone. 

It is a further object of the invention to provide means for reducing the time during 
which a patient will have to be equipped with an external fixator, whereby costs in- 
volved with healing bones, e.g. bones healing after a fracture or after an osteotomy, 
will be reduced. 

These and other objects are achieved by the invention. 
Summary of the invention 

As stated in claim 1, the invention relates to a method of measuring the strength of a 
bone, in particular a bone healing after a fracture or an osteotomy which has been 
performed in order to extend, reduce or alter the angle of the bone, whereby external 
fastening means are attached onto the bone in at least two locations, whereby said 
external fastening means are provided with means for detection and/or measurement 
of relative displacement between said at least two external fastening means, whereby 
the bone is subject to strain, and whereby corresponding measurements and/or detec- 
tions are made of the relative displacement by contactless measurement of and/or 
detection means. 



Hereby, a measurement is made which will provide a more accurate assessment of 
the strength and/or stiffness of a bone as the measuring arrangements will not have 
any influence on the result of the measurements, e.g. the measuring arrangements 
will not contribute to the stiffness of the structure, i.e. the bone or bones subject to 
the measurements. Further, the contactless measuring arrangement will allow in- 
creased flexibility when setting up the arrangement and also allow measurements to 
be performed in more than one dimension. 

Preferably, as stated in claim 2, measurement and/or detection of the relative dis- 
placement may comprise measurement and/or detection of a relative longitudinal 
displacement, a relative rotational displacement and/or a relative angular displace- 
ment. Hereby, measurements may be made of any deformations induced by any 
given force or load placed on the bone. 

As stated in claim 3, the external fastening means may be part of external fixing 
means for supporting the bone. Hereby, a flexible and convenient way of obtaining 
measurements is achieved which are necessary for evaluating the healing state of a 
bone as fastening means already attached onto the patient may be used when per- 
forming the method. 

As stated in claim 4, the bone is subjected to strain, preferably by the patient, and the 
strain is measured, detected and/or visualized. Hereby, deformations may be induced 
in a convenient manner and the cause of the deformations be documented. 

As stated in claim 5, the corresponding measurements and/or detections of the rela- 
tive displacement and strain on the bone may be correlated and/or recorded, whereby 
a comparison of the deformations and the causes may be made, whereby an assess- 
ment of the strength of the bone may be conveniently performed. 

The invention also concerns a method, as stated in claim 6, which relates to the 
measurement of the strength of a bone, in particular a bone healing after a fracture or 
after an osteotomy, whereby external fastening means are attached onto the bone in 
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at least two locations, whereby said external fastening means are provided with 
means for detection and/or measurement of relative displacement between said at 
least two external fastening means, whereby the bone is subjected to strain, and 
whereby corresponding measurements and/or detections are made of the relative dis- 
placement in at least two dimensions of the strain on the bone. 

Hereby, a method is achieved which will provide a more accurate assessment of the 
strength and/or stiffness of a bone as the measuring arrangements will allow meas- 
urements to be performed in more than one dimension providing improved meas- 
urements of the induced deformations that those of prior art methods. 

Preferably, as stated in claim 7, the measurement and/or detection of the relative dis- 
placement may comprise measurement and/or detection of a relative longitudinal 
displacement, a relative rotational displacement and/or a relative angular displace- 
ment. Hereby, measurements may be made of any deformations induced by any 
given force or load placed on the bone. 

As stated in claim 8, the external fastening means may be part of external fixing 
means for supporting the bone. Hereby, a flexible and convenient way of obtaining 
the measurements necessary for evaluating the healing state of a bone is achieved as 
fastening means already attached onto the patient may be used when applying the 
method. 

As stated in claim 9, the bone may be subjected to strain by the patient and the strain 
may be measured, detected and/or visualized. Hereby, deformations may be induced 
in a convenient manner and the cause of the deformations be documented. 

As stated in claim 10, the corresponding measurements and/or detections of the rela- 
tive displacement and the strain on the bone may be correlated and/or recorded, 
whereby a comparison of the deformations and the causes may be made, whereby an 
assessment of the strength of the bone may be conveniently performed. 



Further, the invention relates to an apparatus, as claimed in claim 11, for measure- 
ment of the strength of a bone, in particular a bone having a healing osteotomy or a 
healing bone fracture, said apparatus comprising external fastening means for con- 
nection to the bone in at least two locations, said external fastening means being pro- 
vided with means for detection and/or measurement of relative displacement by con- 
tactless measurement and/or detection means between said at least two external fas- 
tening means. 

Hereby, an apparatus is provided whereby a measurement is made which will pro- 
vide a more accurate assessment of the strength and/or stiffness of a bone as the 
measuring arrangements will not have any influence on the result of the measure- 
ments, e.g. the measuring arrangements will not contribute to the stiffness of the 
structure, i.e. the bone or bones subject to the measurements. Further, the contactless 
measuring arrangement will allow increased flexibility when setting up the arrange- 
ment and allow measurements to be performed in more than one dimension by the 
apparatus. 

Preferably, as stated in claim 12, the apparatus is provided with means for measure- 
ment and/or detection of induced strain on the bone. Hereby, the cause of the defor- 
mations may be readily documented and utilized in connection with the assessment 
of the bone strength. 

As stated in claim 13, the apparatus may be provided with means for correlating said 
measurements and/or detections of relative displacement and strain, whereby a com- 
parison of the deformations and the causes may be made by the apparatus, whereby 
an assessment of the strength of the bone may be conveniently performed on the ba- 
sis hereof. 

As stated in claim 14, the means for contactless measurement and/or detection of 
relative displacement between said at least two external fastening means may facili- 
tate measurement and/or detection of a relative longitudinal displacement, a relative 
rotational displacement and/or a relative angular displacement. Hereby, measure- 
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ments may be made of any deformations induced by any given force or load placed 
on the bone. 

As stated in claim 15, the external fastening means may be part of external fixing 
means for supporting the bone. Hereby, an apparatus according to this embodiment 
may be utilized in a flexible and convenient way to obtain the measurements neces- 
sary for assessing the healing state of a bone as fastening means already attached 
onto the patient may be used in connection with or as part of the apparatus. 

As stated in claim 16, the apparatus is provided with means for supporting one or 
both ends of a limb, for positioning one end of a limb and/or for transferring force 
to/from the limb to/from measuring means. Hereby, the patient may exert the load or 
force necessary to induce the deformations of the bone or bones. The weight of a 
limb alone may constitute a load or the patient may place more or less bodyweight on 
the limb. When one end of the limb is positioned, preferably by a bracket or similar 
means, the patient may exert force on the bone in any other direction than the vertical 
direction, e.g. horizontal direction, attempting to twist the bone etc., whereby more 
varied deformations may be induced. 

As stated in claim 17, the apparatus may comprise means for indicating, visualizing 
and/or recording the measured and/or detected strain. Hereby, the cause of the de- 
formations may be documented by the apparatus, whereby an assessment of the 
strength of the bone may be performed by a skilled user. 

As stated in claim 18, the apparatus may preferably comprise means for indicating, 
visualizing and/or recording the measured and/or detected relative displacement, 
whereby the result of the measurements may be used for immediate or subsequent 
assessments. 

The invention further relates to an apparatus, as claimed in claim 19, for measure- 
ment of the strength of a bone, in particular a bone having a healing osteotomy or a 
healing bone fracture, said apparatus comprising external fastening means for con- 
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nection to the bone in at least two locations, said external fastening means being pro- 
vided with means for detection and/or measurement of relative displacement in at 
least two dimensions between said at least two external fastening means, and said 
apparatus being provided with means for measurement and/or detection of an in- 
duced strain on the bone. 

Hereby, an apparatus is provided by means of which a more accurate assessment of 
the strength and/or stiffness of a bone may be performed as the measuring arrange- 
ments of the apparatus will facilitate measurements in more than one dimension and 
thus provide improved measurements of the induced deformations than those of prior 
art apparatuses. 

Preferably, as stated in claim 20, the apparatus may be provided with means for cor- 
relating said measurements and/or detections of relative displacement and strain, 
whereby a comparison of the deformations and the causes may be provided by the 
apparatus, whereby an assessment of the strength of the bone may be conveniently 
performed by a skilled person, e.g. a physician. 

Preferably, as stated in claim 21, the means for detection and/or measurement of rela- 
tive displacement in at least two dimensions between said at least two external fas- 
tening means may facilitate measurement and/or detection of a relative longitudinal 
displacement, a relative rotational displacement and/or a relative angular displace- 
ment. Hereby, measurements may be made of any deformations induced by any 
given force or load placed on the bone. The means for detection and/or measurement 
of relative displacement in at least two dimensions may be configured as mechanical 
measuring means, e.g. slide gauges or other similar means connected to the two ex- 
ternal fastening means in such a manner that measurements may be made in two or 
more dimensions. 

A stated in claim 22, the external fastening means may be part of external fixing 
means for supporting the bone. Hereby, an apparatus according to this embodiment 
may be utilized in a flexible and convenient way to obtain the measurements neces- 
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sary for assessing the healing state of a bone as fastening means already attached 
onto the patient may be used in connection with or as part of the apparatus. 

As stated in claim 23 , the apparatus may be provided with means for supporting one 
5 or both ends of a limb, for positioning one end of a limb and/or for transferring force 
to/from the limb to/from measuring means. Hereby, the patient may exert the load or 
force necessary to induce the deformations of the bone or bones. The weight of a 
limb may constitute a load alone or the patient may place more or less bodyweight on 
the limb. When one end of the limb is positioned, preferably by a bracket or similar 
g j 10 means, the patient may exert a force on the bone in any other direction than the verti- 

65 cal direction, e.g. horizontal direction, attempting to twist the bone etc., whereby 

y| more varied deformations may be induced. 

gg As stated in claim 24, the apparatus may comprise means for indicating, visualizing 

15 and/or recording the measured and/or detected strain. Hereby, the cause of the de- 

y j formations may be documented by the apparatus, whereby an assessment of the 

mi ■ 

^1 strength of the bone may be performed by a skilled user. 

As stated in claim 25, the apparatus may comprise means for indicating, visualizing 
20 and/or recording the measured and/or detected relative displacement, whereby the 
result of the measurements may be used for immediate or subsequent assessments. 

Finally, the invention also pertains to an external fixation device, as stated in claim 
26, which relates to an external fixator for supporting a bone, e.g. a bone in a limb of 
25 an animal or a human being, said fixator comprising means for fastening onto the 
bone in at least two locations and connecting means for providing a preferably ad- 
justable connection between said fastening means, wherein said connection means 
are replaceable and wherein measurement and/or detection means for detection 
and/or measurement of relative displacement between said at least two external fas- 
30 tening means are attachable to said at least two external fastening means. 
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Hereby, a fixator for supporting a bone or bones is provided which may also serve as 
fastening means when performing measurements of the flexibility of the bone. Thus, 
the measurements and hence the assessment of the healing state of the bone may be 
performed in a expedient manner when a fixator according to the invention is util- 
ized. 

Preferably, as stated in claim 27, said measurement and/or detection means for detec- 
tion and/or measurement of relative displacement between said at least two external 
fastening means are contactless. Hereby, a measurement may be made which will 
provide a more accurate assessment of the strength and/or stiffness of a bone, as the 
measuring arrangements will not have any influence on the result of the measure- 
ments, e.g. the measuring arrangements will not contribute to the stiffness of the 
structure, i.e. the bone or bones subject to the measurements. Further, the contactless 
measuring arrangement will allow increased flexibility when setting up the arrange- 
ment and also allow measurements to be performed in more than one dimension. 

As stated in claim 28, said measurement and/or detection means for detection and/or 
measurement of relative displacement between said at least two external fastening 
means may be configured for detection and/or measurement of relative displacement 
in at least two dimensions. Hereby, a more accurate assessment of the strength and/or 
stiffness of a bone may be performed as the measuring arrangements will allow 
measurements to be performed in more than one dimension and provide better meas- 
urements of the induced deformations than those of prior art systems. The means for 
detection and/or measurement of relative displacement in at least two dimensions 
may be configured as mechanical measuring means, e.g. slide gauges or other similar 
means connected to the two external fastening means in such a manner that meas- 
urements may be made in two or more dimensions. Other measuring means than 
purely mechanical ones may be used as well. 

As stated in claim 29, said at least two external fastening means may each comprise 
or be connected to a structural member which surrounds the body part containing the 
bone at least partly, said preferably adjustable connection between said fastening 
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means being connected to said structural members. Hereby, the fastening means may 
constitute a firm connection for attachment of the measurement and/or detection 
means. 

As stated in claim 30, said structural members may comprise separate and/or rela- 
tively movable parts which may be joined and/or adjusted in order to surround a limb 
at least partly. Hereby, the structural members may be used flexibly as they may be 
adjusted in relation to the actual use as the structural members may be easily attached 
and removed. 

As stated in claim 31, the connection means comprises one, two, three, four or more 
connecting rods which may preferably be adjustably placed between said at least two 
fastening means. Hereby, a versatile fixator is achieved which may be used in a wide 
number of applications. 

As stated in claim 32, the measurement and/or detection means for detection and/or 
measurement of relative displacement between said at least two external fastening 
means are attachable to said structural members forming part of or being connected 
to said at least two external fastening means. Hereby, the fastening means may con- 
veniently be fastened onto appropriate places, e.g. the front of the bone, the side etc., 
and provide a firm connection. 

As stated in claim 33, the measurement and/or detection means for detection and/or 
measurement of relative displacement may be connected to the at least two external 
fastening means and/or said corresponding structural members by means which also 
serve as fixation means for said preferably adjustable connection between said fas- 
tening means. Hereby, the fastening of the measurement and/or detection means may 
be performed in a surprisingly simple manner and by means of a minimum of techni- 
cal means. 

As stated in claim 34, the measurement and/or detection means for detection and/or 
measurement of relative displacement may comprise electrical, magnetic or electro- 
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magnetic measurement and/or detection means. Hereby, the fixator may be flexibly 
used in connection with a number of different measuring arrangements selected ac- 
cording to actual use, actual measurement, and/or processing arrangements and/or 
other preferences. 

As stated in claim 35, the measurement and/or detection means for detection and/or 
measurement of relative displacement may comprise optical measurement and/or 
detection means, for example in the forai of digital video cameras or light emitting 
devices such as for example LEDs. Hereby, an advantageous measuring arrangement 
is achieved which is relatively easy to install and use and which facilitates effortless 
use also by person without any particular technical skills. 

As stated in claim 36, the measurement and/or detection means for detection and/or 
measurement of relative displacement may comprise one or more measurement 
and/or detection means. 

As stated in claim 37, the measurement and/or detection means for detection and/or 
measurement of relative displacement in at least two dimensions comprise two or 
more measurement and/or detection means placed at a circumferential distance, e.g. 
in relation to an axis of the bone, whereby the accuracy of the measurements may be 
enhanced and hence also the accuracy of the assessment of the strength of the bone 
and consequently the healing state of the bone. 

The figures 

The invention will be described below with reference to the drawings of which 

fig. 1 illustrates a bone separated in two parts and deformations of this bone 

schematically, 

fig. 2 shows a fixation device attached onto the lower leg of a human being, 

fig. 3 illustrates Hie fixation device shown in fig. 3 with deformation measur- 

ing means attached, 
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fig. 4 shows an alternative deformation measuring arrangement, and 

fig. 5 shows a block diagram illustrating the signal processing according to a 

further embodiment of the invention. 

Detailed description 

Fig. 1 illustrates a bone 10, for example a bone of a human being. This bone 10 has 
been separated in two parts 10a and 10b, for example a proximal part 10a and a distal 
part 10b. The separation may be due to a fracture or to an osteotomy operation. Dur- 
ing healing, the bone will flex at the place of separation when exposed to stress. The 
flexing may be illustrated by the two bone part vectors 1 la and 1 lb, extending from 
an origin 12a and 12b, respectively. The direction of these vectors represents axes of 
the bqrie parts 10a and 10b, e.g. local bone axes and not necessarily an axis of the 
bone iO. 

Obviously, the bone parts 10a and 10b will move longitudinally when exposed to 
stress. For example, the bone parts will move towards each other when subjected to 
an at least partly longitudinal force, whereby the healing part of the bone will be 
compressed. This will be indicated by a reduction of the distance 13 between the 
origins 12a and 12b of the bone part vectors 11a and 1 lb, respectively. 

Further, application of force and/or momentum to the bone 10 may induce a relative 
rotational movement of the two bone parts 10a and 10b, which is illustrated by a vec- 
tor 14a and a vector 14b, extending from the origins 11a and 1 lb, respectively. These 
vectors 14a and 14b may extend at right angles from the bone part vectors 11a and 
1 lb, respectively, and/or they may extend in one and the same direction, preferably 
in a direction perpendicular to one or both of the bone part vectors 11a and 1 lb. 

In an unstrained situation, these vectors extend in a reference direction, illustrated by 
the punctuated lines 15a and 15b, respectively. As one or both of the bone parts may 
be rotated when strained, angles 16a and 16b between the vector 14a and the refer- 
ence direction 15a and between the vector 14b and the reference direction 15b re- 
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spectively, serve to indicate the rotational movement of the bone parts 10a and 10b 
and hence also the relative rotational displacement of the bone parts. 

Finally, application of force and/or momentum to the bone 10 may induce an angular 
displacement of the bone parts 10a and 10b and hence the bone part vectors 11a and 
lib, causing a change of direction of the bone part vectors. These angles may be 
indicated by the angle of the bone part vectors in relation to a reference direction, or 
by the angle of the vectors 14a and 14b, respectively, in relation to a reference direc- 
tion (not shown) in a plane defined by the bone part vector 11a and the vector 14a 
and/or the bone part vector lib and the vector 14b. As will be explained later, the 
latter of these two methods will be preferable in connection with the invention. 

When determining the strength or stiffness of a bone, and in particular a healing 
bone, it is desirable to be able to determine all the above-defined relative movements, 
e.g. the change in distance 13, the change in difference between the angles 16a and 
16b and the relative change of direction of the bone part vectors 11a and lib when 
forces and/or torques may be exerted on a bone, an assembly of bones and/or a limb. 

The invention will now be explained further by reference to an external holder or 
fixator as illustrated in fig. 2. This holder may be used to support a fractured bone 
while healing or, as illustrated, for a leg 20 on which an osteotomy is performed in 
order to extend, reduce or alter the angle of the bone, and to support the bones during 
the healing process. The external fixator may be unilateral, e.g. support by only one 
axial supporting bar or rod, semicircular, e.g. support of half a circle surrounding the 
bone, or circular, e.g. support is essentially circumferentially. 

In fig. 2, the use of the external fixator is illustrated in connection with the lower leg 
of a human being, but the fixator may obviously also be used in connection with 
other limbs and/or bones if appropriately modified. Further, an external fixator may 
be used in connection with animals as well as human beings. 
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The fixator comprises a number of ring-shaped structural members 21, 22, 26 and 27. 
The upper ring-shaped member is attached onto one or both bones, the tibia 29 and 
the fibula 28, of the lower leg by bone pins, bone screws, bone rods or as shown by 
bone wires 23 connected to the ring-shaped member 21 by connectors 24 and 25. The 
connectors 24 and 25 allow the bone wire to be fastened onto the ring-shaped mem- 
ber 23 with sufficient tensile strength to assure a rigid connection between the ring- 
shaped member 2 1 and the bone or bones 29 and 28. 



The ring-shaped member 22 is similarly connected to one or both of the bones 28 and 
29 by wires 23 and connectors 24 and 25. The lower ring-shaped members 26 and 27 
are fastened onto the lower part of one or both of the bones 29 and 28 in the same 
fashion. 



The upper ring-shaped members 21 and 22 are located above the healing sites 29a 
and 28a of the tibia 29 and the fibula 28, respectively, and the lower ring-shaped 
members are located below the healing sites 29a and 28a. Connecting means 30 in 
the form of connecting rods are placed between the ring-shaped members in order to 
support the bones, i.e. the leg. The connecting rods are threaded, at least at the ends, 
whereby they can be connected to the ring-shaped members by nuts. Longer connect- 
ing rods 30a are located between the ring-shaped members 22 and 27 and shorter 
connecting rods 30b are located between the ring-shaped members 21 and 22 and the 
ring-shaped members 26 and 27. 



As the connecting rods are threaded, the distance between the ring-shaped members 
can be adjusted. The distance between the ring-shaped members 21 and 22 and the 
ring-shaped members 26 and 27, respectively, can be adjusted in dependency of the 
actual placing of the corresponding bone wires 23. The distance between ring-shaped 
members 22 and 27 can be adjusted by the connecting rods 30a in order to fixate the 
bone parts appropriately in relation to each other. 
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When the fixator is used in connection with a leg with a (simple) fracture, the fixator 
can be adjusted to achieve the natural relations between the bone parts, after which 
the relationship is maintained until the fracture site has healed sufficiently. 

When the fixator is used in connection with a more complex fracture or in connec- 
tion with a bone extension/reduction/re-angling, the connecting rods 30a are initially 
adjusted to define an appropriate distance between the bone ends, i.e. the fractured 
bone ends or the separated bone ends, whereby a healing process, e.g. a bone mass 
producing process, will begin. Once the healing has started, i.e. the production of 
bone mass, and has reached a certain stage, the connecting rods 30a can be adjusted 
to pull the bone ends further apart, whereby the healing process will proceed and 
produce bone mass in the now intermediate space between the bone parts. This may 
be repeated until the desired length of the bone or bones has been achieved. A con- 
solidation of the healing site will then have to take place, after which the fixator may 
be loosened and/or eventually permanently removed. 

The stage of the healing process, e.g. the stiffness or strength of the healing fracture 
site, can be determined as shown in fig. 3. This figure corresponds to fig. 2. How- 
ever, the connecting rods 30a of the fixating device have been loosened (in the early 
stages of the healing process) or removed, leaving the leg and the bones 29 and 28 
unsupported or partially unsupported. A number of light emitting devices such as for 
example light emitting diodes (LEDs) 31 has been placed on one of the upper ring- 
shaped members 22. These LEDs are each mounted at one end of a fixture 32, which 
has attachment means 33 at the other end by which it is connected to the ring-shaped 
member 22, for example by through-holes in the ring-shaped member. 

Correspondingly, a bracket has been mounted on one of the lower ring-shaped mem- 
bers 27. The bracket comprises a number of rods 35 which are attached by clamping 
means 37 to the ring-shaped member 27 at the lower ends, for example by bolt and 
nut. At the upper end of the rods 35, a ring-shaped support has been mounted, and a 
number of mini-cameras 34 have been placed on the support 35 and/or the rods 35. 
The cameras, which may be digital video cameras such as USB-cameras, are placed 
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in such a manner that they are located in the proximity of the light emitting devices 
31. 

When a load, a force and/or a torque is exerted upon the leg 20, the bones will be 
able to flex freely, as the connecting rods have been removed. This flexing will be 
transferred to corresponding movements of the ring-shaped members 21 and 27 and 
hence also the light emitting devices 31 and the cameras 34. By reference to fig. 1 
and the corresponding explanation, it is evident that the relative movements of the 
light emitting devices 3 1 and the cameras 34 will provide a full and complete picture 
of the flexing of the bones in all possible dimensions, and when correlated with the 
load or force placed onto the bone or bones also on the strength of the healing struc- 
ture, as will be explained at a later point. 

For example, an axial deformation will be determined by a vertical change of the 
position of the image of the light-emitting device 31 on the corresponding camera 34. 
A rotational flexing will be determined by a horizontal change of the position of the 
image of the light-emitting device 31 on the corresponding camera 34, and as more 
than one LED/camera arrangement is used, in the example four, a bend, e.g. an angu- 
lar flexing of the bone, will be detected by a difference in the changes of the posi- 
tions of the image of the light-emitting device 31 on the corresponding camera 34. It 
is evident that more than two camera/LED-arrangements of this particular configura- 
tion placed at different locations may be necessary to achieve this. However, only 
one camera/light emitting arrangement will suffice to provide a measurement of the 
deformations in two or more dimensions as will be described at a later point. Proc- 
essing of the signals or results from the cameras 34 is necessary in order to obtain 
results indicating the actual one, two or three-dimensional flexing move- 
ments/deformations. Such processing methods are known to persons skilled in the art 
and will not be described in detail. 

Figure 3 shows that four camera/LED-arrangements may be used and evenly distrib- 
uted on the circular ring-shaped support 36, e.g. with an angle interval of 90°. Other 
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configurations obvious to a skilled person may be used as well, and additional cam- 
era/LED-arrangements may be used, e.g. two, three, four, five etc. 

Further, it is obvious that the LED-arrangements 32, 33, 34 and the camera arrange- 
ments 34, 35, 36, 37 may be configured as units which may be attached onto the cor- 
responding ring-shaped members 22 and 27 as units whereby the placing of the 
measuring arrangements may be performed in an easy and fast manner. 

Fig. 3 illustrates the foot of the patient being placed on a force plate 38 in order to 
determine the load or force, which is exerted on the leg/bone/bones. This force plate 
38 may be constituted by a simple weight, a weight cell or other suitable means. Fur- 
ther arrangements may be configured to measure or determine other forces than sub- 
stantially vertical forces, e.g. horizontal forces, or torques exerted on the leg. These 
arrangements may comprise a bracket or similar means (not illustrated) connected to 
measurement and/or detection means. For example, these means may be arranged to 
transfer forces exerted by the patient to the weight cell or other measuring means 
arranged to measure the vertical forces, whereby these means may also be used to 
measure or indicate non-vertical loads or forces. Hereby, the patient may be able to 
exert a twisting torque on the leg, e.g. by attempting to turn his foot. The force in e.g. 
horizontal direction exerted by the foot may then be measured or detected by the 
measuring means related to the bracket. Further, the patient may exert bending force 
on the leg by attempting to push the foot forward, backwards or sideways, whereby 
the force may be measured or detected by the measuring arrangements in a similar 
manner. 

The force exerted by a patient attempting to turn or twist his foot may also be deter- 
mined by using for example a electromotor, e.g. an electrodynamic motor, arranged 
axially beneath the support. When the patient attempts to turn his foot, this will have 
to be done against a torque exerted by the motor. The torque can be determined, as 
will be obvious to a skilled person, by knowledge of the motor characteristics and by 
determining the motor current. Further, the maximum torque may be controlled by 
controlling the motor current, whereby it can be avoided that the patient may place 
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an excessively large load on the bone, as the motor will just allow further turning 
when the maximum torque has been reached. 

Other safety means may be provided, e.g. audible or visible alarm means which will 
indicate to the patient and/or to the physician that a certain level of force has been 
reached which may harm the healing bone. The maximum level or levels of force 
may be selected and/or adjusted by the physician on the basis of the knowledge of 
the patient, the state of healing, former tests etc., whereby refractures and other harm 
to the patient and the healing bone/bones may be avoided. The audible or visible 
alarm means may also serve to indicate the actual level of force, for example by a 
frequency increase once the level of force exerted by the patient increases. 

Other measuring means obvious to a person skilled in the art may also be utilized. 

Another arrangement for measuring the relative flexing movements, e.g. the defor- 
mation of a bone, is illustrated in fig. 4. In this figure, only two ring-shaped structural 
members 22 and 27 of the fixating device are, of course, fixed onto a bone as de- 
scribed in connection with fig. 2 and 3 are described. On one on these ring-shaped 
members 22 in the example, a camera 41 is placed and points towards the other ring- 
shaped member 27 in the example. On this ring-shaped member 27, a reference de- 
vice 42, which must be placed in such a manner that it will be in the vision field of 
the camera 41 in an unstrained situation of the bone, is placed in a similar manner. 

The reference device 42 comprises a number of indicator elements in the form of 
light emitting diodes (LEDs) 43 for positioning the reference device 42 in the right 
position in relation to the camera 41. These LEDs 43 are placed in a particular pat- 
tern, e.g. in parallel rows and columns as illustrated, in order to facilitate the adjust- 
ment and positioning of the reference device 42 and/or the camera 41 . 

Further, the reference device 42 comprises a number of indicator elements in the 
form of light emitting diodes (LEDs) 44 for detecting the relative movements, i.e. 
deformations of the bone. These LEDs 44 are placed opposite a mirror 45 which is 
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placed at an angle of for example 45° in relation to the plane at which the LEDs 44 
are positioned. By this arrangement, deformations of the bone in one, two or three 
dimensions can be detected and measured. For example, axial deformation can be 
detected as the distance between the LEDs 44 is known, whereby relative axial 
movements may be determined by processing the corresponding video images, e.g. 
the distances on the images. Further, rotational movements can be detected and 
measured as the initial positions of the reference device 42 and the LEDs 44 are 
known in the unrestrained situation. The angular movements can be detected and 
measured as the mirror 45 is involved, whereby the distance on the image between 
the rows and/or columns of LEDs 44 will change, i.e. the image of the distance be- 
tween two rows will be larger in one end than in the other end and vice versa, when a 
tilt between the two ring-shaped members 22 and 27 is involved. Evidently, process- 
ing of the measurements from the camera 41 has to be performed in order to achieve 
values for the deformations of the bone/bones. Such processing may be performed in 
a number of ways which will be known to person skilled in the art. 

Fig. 4 shows only one set of cameras with a reference device by which it will be pos- 
sible to determine the deformations of a bone. More than one set of cameras and a 
reference device may be utilized whereby the accuracy of the determined or meas- 
ured deformations may be improved. 

Instead of light emitting diodes, other indicating means may be utilized, for example 
strongly colored spots, light reflecting means etc. as the purpose is to define refer- 
ence points detectable to the camera 41 . 



The mirror 45 may be placed at other angles than the illustrated 45°, whereby corre- 
sponding alterations to the configuration may have to be performed, however. 

Other means of arranging the light emitting devices may be utilized, for example a 
number of light emitting devices arranged in two levels in order to provide the neces- 
sary information to the camera. Further, additional cameras such as two, three or 
more, may be provided and correspond to a light emitting device arrangement, 
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whereby the necessary information concerning the deformation in two or more di- 
mensions may be provided. 

Fig. 5 shows a block diagram illustrating an embodiment of the method and appara- 
tus, whereby the deformations of a bone, and in particular a healing bone, can be 
determined and whereby the strength and/or the state of healing can be determined. 

The signals 51a - 5 In from a number of sets of measuring arrangements comprising 
for example video cameras as measurement tools are led to a processing unit 52, 
wherein the signals are processed in order to determine actual deformations and/or 
values corresponding to such deformations. When the measuring arrangement is con- 
figured as described in connection with fig. 3, at least two measuring arrangements 
are required while an arrangement as described in connection with fig. 4 may work 
satisfactorily with only one measuring arrangement. 

The processing unit 52 may be connected to a indicating device 53, for example a 
scale, on which the patient and/or the physician may observe the magnitude of the 
resulting deformations. Further, the signals 57 from the processing unit 52 are led to 
a further processing unit 59 which will be described later. 

Signals 54a - 54m, for example signals from a weight cell, a force measuring device, 
a torque measuring device etc., are led to a force signal processing unit 55. This unit 
may be connectedjo a force indicator 56, for example in the form of a scale, which 
allows the patient and/or the physician to observe the force and the load placed on 
the bone by the patient, for example. Hereby, it may be avoided that an excessive 
load or force is exerted on the healing bone or bones. The force signal processing 
unit 55 may process the incoming signals to calculate the actual force which acts on 
the bone or bones and may indicate this force in normalized and/or standardized val- 
ues, e.g. the vertical force, horizontal force, force in a forward direction etc. The re- 
sulting signals 58 from the force signal processing unit 55 are led to the additional 
processing unit 59 which serves to correlate the measured and/or detected deforma- 
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tions with the load or force exerted on the bone or bones. The results 60 hereof may 
be indicated on a display (not shown), for example in graphical form or as tables, 
or/and they may be printed. Further, the results may be stored by means of a storing 
unit 61, whereby the results may be used in connection with testing of the healing 
state of bones on other patients, on different bones of the same patient, or in connec- 
tion with subsequent testing of the same bone or bones of the same patient. Further, 
the test results may be used as e.g. statistical data in connection with improvements 
of methods for assessing the healing state of bones. 
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Patent Claims 

1. Method of measuring the strength of a bone, in particular a bone healing after a 
fracture or an osteotomy whereby external fastening means are attached onto the 
bone in at least two locations, whereby said external fastening means are provided 
with means for detection and/or measurement of relative displacement between said 
at least two external fastening means, whereby the bone is subjected to strain, and 
whereby corresponding measurements and/or detections are made of the relative dis- 
placement by contactless measurement and/or detection means. 

2. Method according to claim 1, characterized in that measurement 
and/or detection of the relative displacement comprises measurement and/or detec- 
tion of a relative longitudinal displacement, a relative rotational displacement and/or 
a relative angular displacement. 

3. Method according to claim 1 or 2, characterized in that the external 
fastening means are part of external fixing means for supporting the bone. 

4. Method according to claim 1,2 or 3, characterized in that the bone is 
subjected to strain, preferably by the patient, and in that the strain is measured, de- 
tected and/or visualized. 

5. Method according to one or more of claims 1-4, characterized in 
that the corresponding measurements and/or detections of the relative displace- 
ment and the strain on the bone are correlated and/or recorded. 

6. Method of measuring the strength of a bone, in particular a bone healing after a 
fracture or an osteotomy, whereby external fastening means are attached onto the 
bone in at least two locations, whereby said external fastening means are provided 
with means for detection and/or measurement of relative displacement between said 
at least two external fastening means, whereby the bone is subjected to strain, and 
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whereby corresponding measurements and/or detections are made of the relative dis- 
placement in at least two dimensions and of the strain on the bone. 

7. Method according to claim 6, characterized in that measurement 
and/or detection of the relative displacement may comprise measurement and/or de- 
tection of a relative longitudinal displacement, a relative rotational displacement 
and/or a relative angular displacement. 

8. Method according to claim 6 or 7, characterized in that the external 
fastening means are part of external fixing means for supporting the bone. 

9. Method according to claim 6, 7 or 8, characterized in that the bone is 
subject to strain by the patient and in that the strain is measured, detected and/or 
visualized. 

10. Method according to one or more of claims 6 -9, characterized in 
that the corresponding measurements and/or detections of the relative displace- 
ment and of the strain on the bone are correlated and/or recorded. 

11. Apparatus for measuring the strength of a bone, in particular a bone having a 
healing osteotomy or a healing bone fracture, said apparatus comprising external 
fastening means for connection to the bone in at least two locations, said external 
fastening means being provided with means for detection and/or measurement of 
relative displacement by contactless measurement and/or detection means between 
said at least two external fastening means. 

12. Apparatus according to claim 11, characterized in that the apparatus 
is provided with means for measurement and/or detection of induced strain on the 
bone. 
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13. Apparatus according to claim 1 1 or 12, c h a r a c t e r i z e d in t h a t the ap- 
paratus is provided with means for correlating said measurements and/or detections 
of relative displacement of strain. 

14. Apparatus according to one or more of claims 11-13, characterized in 
that the means for contactless measurement and/or detection of relative displace- 
ment between said at least two external fastening means facilitate measurement 
and/or detection of a relative longitudinal displacement, a relative rotational dis- 
placement and/or a relative angular displacement. 

15. Apparatus according to one or more of claims 11 -14, characterized in 
that the external fastening means are part of external fixing means for supporting 
the bone. 

16. Apparatus according to one or more of claims 11-15, characterized in 
that the apparatus is provided with means for supporting one or both ends of a 
limb, for positioning one end of a limb and/or for transferring forces to/from the limb 
to/from measuring means. 

17. Apparatus according to one or more of claims 11-16, characterized in 
that the apparatus comprises means for indicating, visualizing and/or recording the 
measured and/or detected strain. 

18. Apparatus according to one or more of claims 11-17, characterized in 
that the apparatus comprises means for indicating, visualizing and/or recording the 
measured and/or detected relative displacement. 

19. Apparatus for measuring the strength of a bone, in particular a bone having a 
healing osteotomy or a healing bone fracture, said apparatus comprising external 
fastening means for connection to the bone in at least two locations, said external 
fastening means being provided with means for detection and/or measurement of 
relative displacement in at least two dimensions between said at least two external 
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fastening means, said apparatus being provided with means for measurement and/or 
detection of induced strain on the bone. 

20. Apparatus according to claim 19, characterized in that the apparatus 
is provided with means for correlating said measurements and/or detections of rela- 
tive displacement and strain. 

21. Apparatus according to claim 19 or 20, c h a r a c t e r i z e d in th a t the 
means for detection and/or measurement of relative displacement in at least two di- 
mensions between said at least two external fastening means facilitate measurement 
and/or detection of a relative longitudinal displacement, a relative rotational dis- 
placement and/or a relative angular displacement. 

22. Apparatus according to claim 19, 20 or 21, c h a r a c t e r i z e d in t h a t the 
external fastening means are part of external fixing means for supporting the bone. 

23. Apparatus according to one or more of claims 19 - 22, characterized in 
that the apparatus is provided with means for supporting one or both ends of a 
limb, for positioning one end of a limb and/or for transferring forces to/from the limb 
to/from measuring means. 

24. Apparatus according to one or more of claims 19-23,characterized in 
t h a t the apparatus comprises means for indicating, visualizing and/or recording the 
measured and/or detected strain. 

25. Apparatus according to one or more of claims 19 - 24, characterized in 
t h a t the apparatus comprises means for indicating, visualizing and/or recording the 
measured and/or detected relative displacement. 

26. External fixator for supporting a bone, e.g. a bone in a limb of an animal or a 
human being, said fixator comprising means for fastening onto the bone in at least 
two locations and connecting means for providing a preferably adjustable connection 
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between said fastening means, wherein said connection means are replaceable and 
wherein measurement and/or detection means for detection and/or measurement of 
relative displacement between said at least two external fastening means are attach- 
able onto said at least two external fastening means. 

27. External fixator according to claim 26, characterized in that said 
measurement and/or detection means for detection and/or measurement of relative 
displacement between said at least two external fastening means are contactless. 

28. External fixator according to claim 26 or 27, characterized in that 
said measurement and/or detection means for detection and/or measurement of rela- 
tive displacement between said at least two external fastening means are configured 
for detection and/or measurement of relative displacement in at least two dimensions. 

29. External fixator according to one or more of claims 26-28, characterized 
in that said at least two external fastening means may each comprise or be con- 
nected to a structural member which surrounds the body part containing the bone at 
least partly, and in that said preferably adjustable connection between said fastening 
means may be connected to said structural members. 

30. External fixator according to claim 29, characterized in that said 
structural members may comprise separate and/or relatively movable parts which 
may be joined and/or adjusted in order to surround a limb at least partly. 

3 1 . External fixator according to one or more of claims 26 - 30, characterized 
in t h a t the connection means comprise one, two, three, four or more connecting 
rods, which may preferably be adjustably placed between said at least two fastening 
means. 



32. External fixator according to one or more of claims 26 - 31, characterized 
in t h a t the measurement and/or detection means for detection and/or measure- 
ment of relative displacement between said at least two external fastening means are 
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attachable to said structural members forming part of or being connected to said at 
least two external fastening means. 

33. External fixator according to one or more of claims 26-32, characterized 
in t h a t the measurement and/or detection means for detection and/or measure- 
ment of relative displacement may be connected to the at least two external fastening 
means and/or said corresponding structural members by means which also serve as 
fixing means for said preferably adjustable connection between said fastening means. 

34. External fixator according to one or more of claims 26 -33, characterized 
in t h a t the measurement and/or detection means for detection and/or measure- 
ment of relative displacement may comprise electrical, magnetic or electromagnetic 
measurement and/or detection means. 

35. External fixator according to claim 34, characterized in that the 
measurement and/or detection means for detection and/or measurement of relative 
displacement comprises optical measurement and/or detection means. 

36. External fixator according to one or more of claims 26-35, characterized 
in t h a t the contactless measurement and/or detection means for detection and/or 
measurement of relative displacement comprise one or more measurement and/or 
detection means. 

37. External fixator according to claim 36, characterized in that the 
measurement and/or detection means for detection and/or measurement of relative 
displacement in at least two dimensions comprise two or more measurement and/or 
detection means placed at a circumferential distance, e.g. in relation to an axis of the 
bone. 
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Abstract: 

Method and apparatus for measuring the strength of a bone, in particular a bone heal- 
ing after a fracture or an osteotomy, whereby external fastening means are attached 
onto the bone in at least two locations. The external fastening means are provided 
with means for detection and/or measurement of relative displacement between said 
at least two external fastening means, the bone is subjected to strain, and correspond- 
ing measurements and/or detections are made of the relative displacement by con- 
tactless and/or two-dimensional measurement and/or detection means. 

Hereby, measurements are made which will provide a more accurate assessment of 
the strength and/or stiffness of a bone. The invention also relates to an external fixa- 
tor facilitating a method and an apparatus according to the invention. 
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